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PREFACE. 



The object of the present book is to enable the 
working engineer to instruct himself in an important 
branch of his business. Although especially designed 
for this purpose, the latter part will be found useful 
to the general student ; while it is hoped that to the 
master^ who is already familiar with the subject, it 
may be found convenient as a book of reference. 



Enfuld Road Kobth, 
London, Jum^ 1871. 
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CHAPTER I. 

DBAWINO OFFICE AND FUBNZSHINOS.'* 

It is essential that a room for drawing in should be free 
from damp ; and, in selecting an apartment, it should be as 
high in the building as possible,t as it is not only more 
likely to be dry, but there would be less probability of the 
light being obstructed ; a western aspect is the most suitable. 

Window Blinds. — ^Venetian or calico blinds are necessary^ 
as, on a clear day, the light should be slightly subdued. 

Drawing TahU, — The height of the table should be at back 
about 8 feet 8 inches, and at front (which should be rounded 
over on the top edge) 8 feet 6 inches, on a breadth of 
2 feet 6 inches. Th^ back of the table should be close, and 
parallel to, the window. Trestles may be used, and they 
should be so made as to shift to any height required.} 

* Although most personB have to accommodate themselves largely 
to ciroumstances, it is desirable to state what are the requisites of a 
room best suited for drawing in, so that they may, aa fEur as possible, 
lie obtained. 

t Except next a skylight, light through which, orerhead, is un- 
aoitable. 

X Common trestles cost about 16«. per pair, shifting ditto, 26«. The 
prices here given are the ordinanr shop prices, though in tkese and 
Bome other articles which follow, tne inteuigeat workman may effect 
A saving by making his own. 



^ MATERIALS. 

Gas Fittings. — ^The vertical distance of the light from the 
drawing table should be about 2 feet, and the tube — ^in one 
or more joints — so arranged as to admit of the light being 
moved horizontally, or raised or lowered to any suitable 
position. The socket for the burner should be inclined out- 
wards at an angle of 45° from the vertical, so that, when the 
burner is in its place, and the gas lit, it would throw the 
light down upon the paper.* 

Sundries, — ^A drawing-office, or a room ad[joining it, should 
also contain the following : — ^A duster, a wash-hand basin, 
soap,! towel, and a supply of water. 



CHAPTER II. 

MATERIALS. 
DBAWING BOABDS. 



The first requisite for the mechanical draughtsman is a 
drawing board of suitable dimensions. The two most useful 
sizes are those for whole and half-sheets of double elephant 
drawing paper. The board should be fully half an inch each 
way larger than the paper, as the latter would not adhere 
properly where the gum or glue is applied unless the edge is 
within the board. 

Drawing boards are generally made either of mahogany or 
of fir. The latter is commonly used, on account of its being 
the cheapest ; but the best drawing boards are made from 
old mahogany tables or shop counters, such wood having 
become well seasoned, and therefore less liable to warp. 
The French polish is planed off, so as to prevent staining 
the paper. 

* Under the most fEiyoiira'ble circninBtanoes it is more difficult to 
draw or colour by artificial than by daylight. 

t It being quite essential to have the luinds clean ; the basin is also 
more convenient than an ordinary tumbler for the use of the sponge 
as well as for washing out palettes. 
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A section of a form of board more in favonr in former 
times than now is shown in Fig. 1. This form is good in so 
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far as it saves the trouble of gnmming down the paper at the 
edge, but is expensive. 

In the above sections ab represents the paper, which, 
when damped, is placed on the lower board c ; the frame d, 
which fits closely all round the edge of the lower board, is 
then squeezed down over the paper as shown at /, and 
secured by the fastenings e e. 

The price of a board of this description for a whole sheet 
of double elephant would be — * 

Of mahogany • . 8 ft. 6 in. X 2 ft. 6 in. x f in. 258. 

„ half-sheet 2 6 xl 9 x H Us. 

„ smaller size 1 10 x 1 6 x i Is. 

Of fir, whole sheet size 12s. 

„ half-sheet size 88. 6d, 

The price of an ordinary well-seasoned plain uoard for a 
whole sheet of double elephant would be — 

Of mahogany IBs. 

,, half-sheet size 18^. 

Of fir, whole sheet size Is. 

,, half ,, ^8. 6c/. 

Ordinary drawing boards are made in a variety of ways 
to prevent warping, of which the following examples are 
specimens : — 

b2 
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Fig. 2 represents a common method of finishing the ends 
of mahogany hoards, the comers heing mitred and tongned. 
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Fig. 2. ^ Kg. 8. 

In Fig. 8 the end piece is put on with a tongae, as at a, 
worked ont of the solid wood, or with a feather or tongue 
let in as at b. 

In Fig. 4 the end piece is mortised on. 
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Kg. 4 Fig. 5. 

In Fig. 6 a strip of oak is fitted into a groove, 
is very good for smaU fir hoards. 



This plan 



nnAWlNQ BOARDS. 6 

When those of Figs. 8 and i are of fir, boweTer well 
seasoned, tbe^ ore apt to contract 
a little with heat, and the extremi- 
ties of the end pieces are certain 
to project, and, if not planed off, 
oaoBO the lines by a T-sqnare to 
be nntrue, as shown at Fig. 6. 
Fir boards are more easily acted 
on by the weather than those of 
mahogany. 

If no croBB ends are pat on, two bars across the back, as 
at Fig. 7, would prevent the board bending. In this case. 




Fig. 8. 
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only one side of the board can be used ; a disadvantage, as 
it is Bometimes convenient to have a sheet of paper on each 
side at the same time (the one 
not in immediate nse being 
covered over to prevent its 
being soiled). These bars are 
more applicable to small-sized 
boards. A large-sized fir board 
is better without cross ends, 
but having cross bars to pre- 
vent its warping, in which case 
some provision is necessary to 
allow it to expand and contract 
by the weather without damag- 
ing the board. The best of 
these are made with a series of 
grooves in the back about 2 
inches apart, Jth of an inch 
wide, and cnt half-way through 
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3 thickness, as shown at 
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a, Figs. 8 and 9. The bars h at each end of the board on the 
back, Fig. 8, being secured by a screw nail/, passing through 

vAA^^/V] *^® ^^ *°^ nearly through the 
board, in the centre of it; tho 
x:^==^^ ^ wood being allowed to expand or 

// /_^\ n Ti contract on each side by other 

screws sliding in little brass slots 
as at c, Fig. 8, of which Fig. 10 
\V Vs3A// f JJ is a full-sized view, and Fig. 11 

^^=::^ W^' J the corresponding section. A nar- 
row strip of hard wood, generally 
ebony, is inserted along one side 
Fig. la Fig. 11. and one end of the board, a little 

from the edge, as at d e. Fig. 9, to allow the square to slide 
more easily. This is the most approved modern fir board,* 
and when of a size for a whole sheet of double elephant paper 
costs about 125. 6d., and for half-sheet size about 85. It is 
almost needless to add that all drawing boards should have 

^ the sides and ends perfectly square to each 
other. A good test of this is obtained by 
measuring across the board by the cape 
h and comer method, in the direction of the 
^^' ^^' dotted lines, (Fig. 12). When correct, the 

length a 6 is equal to the length c d. 




CHAPTER m. 



SQUABES. 



Drawing, or T-squares, so called from their resemblance in 
shape to that letter, are of various sortSr They are gene- 

* Its only disadTantage is that it in impossible, as in the previous 
^ple gives, to have a sheet of paper on both sides. 



SQUARES. 



IZ3 



rally made of maliogany, pear tree, or ebony. The common 

sort is that represented in Fig. 18. It 

has an immovable stock a, and a blade 

(, mortised into it. The blade should 

be as long as the longest side of the 

drawing board. If for a whole sheet 

of doable elephant, the length should be 

8 feet 6 inches, the breadth 2^^ inches, 

and the thickness -A* of an inch. The 

stock should be 1 foot long, 2^ inches 

broad, and H inch thick. 

' Fig. 18. 

The price of such square of mahogany would be Ss. 6d. 
>> f9 pear tree „ 4«. 6rf. 

A smaller size for half-sheet double elephant will, for most 
purposes, be found more convenient. The size should he : 
blade 2 feet 6 inches long, breadth 2 inches, thickness -A- 
inch ; and the stock 10 inches long, breadth 2 inches, and 
the thickness i inch. 

The price of such square of mahogany would be 25. 
99 „ pear tree „ 85. 6d. 

Squares having the stock projecting only on one side, 
Fig. 14, are suitable for working on a fixed straight-edge, as, 



o o 
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TSg. 14. Fig. 15. 

in making large illustrative drawings for lectures on paper 
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SQUARES. 



fixed on a wall, the blade of the square lies close to the 
paper, a necessity for drawing a straight line correctly. 

A square having a movable stock, shown at a, Fig. 15, is 
usefol for drawing a series of lines at an angle to the side 
of the board and parallel to each other. 

The price, fitted with screw pin and nnt, of the 

larger size, in mahogany, would be about . Ss. 6d, 

Ditto, pear tree Is, 

Ditto, ebony lis. 6d, 

Smaller size, in mahogany 4^. 

„ pear tree 55. 

They are frequently made with a tongue projecting from 

the stock, as at 6, Fig. 16, which keeps 
the blade more flat to the board. It is 
generally of ebony, let into the stock. 
This kind is a little more expensive 
than those already described. 

Others have the blade broader to- 
wards the stock, as in Fig. 17. This 
shape admits of the blade being kept 
steadier to the board, but only one side 
of it can be used for drawing lines 
square to the board, whereas, if an 

accident should occur to one edge of a parallel blade, the 

other edge can be made use of. 




Fig. 16. 




Fig. 17. 
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Blades, such as in Fig. 17) are simply pnt on above the 
stock, without either dovetails or mortises, the additional 
breadth affording ample room for a sufficient number of 
screw nails to render it secure. This square also allows the 
little set squares to be used beyond the edge of the drawing 
board if necessary. 

The price of such square, if of pear tree (ebony 

edged), with 3 feet 6 inches blade, is about . Is. Qd. 
And of a 2 feet 6 inches blade 5^. 6d. 

It is much better to have the edge of the blade as shown 
at a, Fig. 18, than to have it bevelled, as 
they frequently are, as shown at by as, 
in the latter case, in making dotted lines 
the pen is apt to get overlifted. 

Every square should have a f inch ^' ^ ' 

hole near the outer end of the blade to hang it up by, being 
the best way to preserve a T-square in its integrity. 

A square is usually tested by first drawing a line with it 
on any plane surface having a straight side against which to 
bear the stock of square during the operation, and then 
turning it upside down and observing if the same edge of 
blade still coincides with the line, the stock bearing as be- 
fore. If it has a shifting stock, care must be taken that the 
shifting edge is screwed up firmly, flush with the fixed part. 

Pear-tree squares are preferable to those of mahogany, 
being less liable to warp, the material being thin, though 
mahogany has always a cleaner appearance than those of 
the lighter woods when frequently used. 



CHAPTER IV. 

DRAWINQ INSTRUMENTS, MOULDS, ETC. 

It is a common error to suppose that any sort of instruments 
will suit a beginner. On the contrary he ought, in fairness 

b3 
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to himself, to have the very hest he can procure. Instru- 
ments of the proper quality can be purchased separately ; or 
very good sedond-hand sets, containing most of the necessary 
instruments, can be had for SOs, A new set in a box con- 
taining everything for ordinary use costs from £3 10s. to £4. 
First-class boxes of instruments frequently have duplicates 
of many of those contained in an ordinary set, with scales, 
moulds for curves, sets of colours, palettes, beam compasses, 
having pencil and ink feet for sliding on a straight edge for 
drawing large circles, or round telescopic metal bar for the 
same purpose (the price of a single instrument of the latter 
description, plain, with 3 feet metal tube, ranges from £1 5s. 
to £2 10s.), such sets run up in price to £15, or even more. 
When such boxes cannot be afforded, a set for ordinary 
engineering drawing must at least contain the following in- 
struments. Compasses, pencil and ink legs with lengthening 
bar, pencil and ink bows, drawing pen, file and knife, little 
screw keys, parallel rulers, drawing pins, and scales. 

Compasses, &c. — The most useful being those having 
jointed legs, one being removable, and with pencil and ink 
legs to fit in for drawing ordinary sized circles, and with 
a lengthening bar for large circles. The price of which set, 
if of brass, including file with knife end, is about 135. Qd,^ 
of electrum 18s. to 21s. 

Pencil and Ink Compasses (or bows) for the smaller circles, 
having a joint in each leg, so that in drawing a circle the 
lower parts may be as vertical as possible (for reasons ex- 
plained in Chapter X.). Price of each instrument, plain, of 
brass, 2s. 6d, to 8s., if of electrum, 4s. and 5s. Some bows 
are fitted with a needle point projecting from a small shoulder 
or flat point, these when used on a mahogany board never 
make a hole in the paper larger than a needle would, even 
when inserted up to the shoulder : but with a fir board, in 
drawing many circles from the same centre, shoulder and all 
are apt to work in and do that which the needle point was 
intended to avoid. 
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Drawing Pen^ which if purchased separately (and it is the 
instrument of all others that requires replacing), cannot give 
satisfactory results under a price of 2$. 6d., those having 
the lower part o{ the holder of a square form, to show the 
direction of the points, being preferable. As this instrument 
is more used than any of the others, it frequently requires 
touching up at the points. The ink foot of compasses, and 
the ink bows, also require touching up occasionally/ and 
consequently the half of ink legs should have a joint, so that 
when entirely unscrewed it can be lifted up and permit at- 
tention to the points, as well as allow of cleaning out any 
dry ink. The best thing for cleaning out such instruments 
is a commcm steel writing pen, with the one half broken off 
at the split. When a drawing pen or other ink points get 
blunt they ought to be sharpened up on a piece of common 
school slate with water, oil preventing the ink flowing freely. 

Most drawing pens unscrew in the centre, having a pricker 
fitted in the upper part or handle ; this is necessary occa- 
sionally for copying irregular figures to be made of the same 
size as the copy, by, pricking the lines of the copy through 
to the new sheet below it. If not so fitted in drawing pen 
they are to be had separately, price 2$. It is a common 
practice for the same purpose to put a fine needle into the 
uncut end of a pencil. 

File with Knife fitted at one end ; the former part is useful 
for touching up an instrument, and for putting a fine point 
on the pencil, and the latter for pointing pencils, or for cut- 
ting off a finished drawing. 

Screw Keys. — ^There ought always to be a little screw key 
or keys furnished along with compasses and bows to tighten 
or slacken them when found necessary. They should 
neither shut nor open too easily. 

Parallel Rulers. — The common sort formed of two parallel 
parts are better than the single bar with a roller at each end, 

* Instrument makers charge about ^. for setting-up a pen or ink 
points. 
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which indeed for practical engineering drawings are seldom 
nsed. In choosing the former it shonld be specially noticed 
that they have no loose play, or they would be quite useless. 
The ordinary length is 6 inches, and price in ebony, 2d, per 
lineur inch. 

Drawing Pins. — ^A dozen or two of brass-headed drawing 
pins are always necessary for fastening down a sheet of 
either drawing or tracing paper when not to be coloured 
upon ; good ones are to be had at 4(2. per dozen. 

Scales of feet with twelfths (or inches) are seldom to be 
had of useful lengths in boxes containing the other iixstru- 
ments. It is better to purchase them separately. See next 
chapter. 

When a great many circles are required to be drawn from 
the same centre, such centre in the paper is apt to get 
enlarged into a hole under the best conditions ; to obviate 
which, little round discs of horn about f ths of an inch 
diameter, with three fine projecting points, are to be had, 
one of which when placed above where the centre is to be, 
completely preserves the paper ; cost about Ad, each. 

A half circular piece of horn or metal about 4 inches diameter, 
called a protractor, having degrees marked on the circum- 
ference, is useful for measuring angles, and can be either 
had in a set or separately (further reference to this instru- 
ment is made in Chapter XI.), price, 4^ inches diameter, of 
born 6d., ivory 2«. 6(f., brass 4^., electrum Is, 
, Proportional compasses are seldom sold with an ordinary 
set of instruments; they are so constructed with double 
«nds as to save much time and labour in reducing or en- 
larging a drawing from a copy, as in taking a measurement 
with one pair of legs the proper alteration in size is given 
by the other pair, whereas with ordinary compasses the 
method of trial and error is required. Those made with a 
shifting centre for various proportions, cost, if of 6 inch, 
brass, from 6^. to 18«., plain, if of electrum, 9 inch, £2 15«. 
^' oles and halves, or bisecting compasses having a fixed 
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centre, -are exceedingly useful for making a drawing from a 
copy either half or doable the size. Price in electmm, 20s. 

Besides the above-mentioned there are many other instru- 
ments for engineering drawing which may be referred to 
here. They are generally to be had of the same maker. 

A bordering pen, having a tongue fitted between the ordi- 
nary points, is useful for drawing thick lines at one operation. 
Price 58. to 6«. 

Some instrument boxes contain a double drawing pen, 
each ink end complete in itself, and so jointed that two 
lines can be drawn of any moderate width apart at one ope- 
ration. This instrument is more used, however, by civil than 
by practical engineers, being employed for detailed railway 
plans, curves in railway lines, &c. Its price varies between 
4:3. 6d. and Is. 

Spring dividers are useful for dividing the teeth of wheels, 
or for dividing into any number of equal parts, as scales of 
feet, inches, &c. Ink bows are sometimes made in the same 
way, opening of themselves when the nut of the leg is un- 
screwed, but as they are never made with a joint in the legs 
they are not so good, for the reasons given in Chapter X. 
Price of dividers, pencil, and ink, 6s. 6d. to Is. 6d. per set 
of three, electrum lOs. ; each set in a case. The same of 
electrum, with needle points, 24s., extra quality, 27s. 

Some boxes contain a little instrument called a wheel pen 
for dotting-in lipes or circles, being made to fit into the 
compasses for the latter process. It is similar to a spur 
fitted between ink ends and revolving as it is drawn along, 
the ink being supplied at the back of the wheel. It is 
seldom used for practical engineering drawings, as it makes 
much coarser dots than draughtsmen generally like. Price, 
single, with sets of wheels, having dots of different patterns, 
6s. 6(i. to 8s. Qd, 

Note. — Before laying aside the drawing pen and ink leg 
of compasses, &c., after using, they should be cleaned out 
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and unscrewed a little, so as to preserve the elasticity of the 
spring as much as possible.* 

For long regular or irregular curves, strips of wood called 
batons vnll be found essential ; these are accompanied with 
lead weights fitted on soles of wood. These batons are of 
various lengths, some are thicker at one end than at the 
other, as shown in the subjoined sections (Fig. 19), of natural 




Fig. 19. 

size, cdf some are thick in the middle and tapered off towards 
each end. The lead weight e may be 4 or 5 inches long, 
2 inches deep, and from 1 to 2 inches broad, though the 
sizes vary. They are generally covered in with mahogany, 
the sole is notched in front lower edge as at &, so as to keep 
the baton a, when set, in position. As the curve line has to 
pass through points already laid off, a weight like that 
described is generally placed on the baton at each point. 
These weights are also useful for holding down a sheet flat. 
The price of six lead weights, covered in. with mahogany, 
Admiralty size, and six lancewood batons, is about 60^. Small 

* Should the little screw of pen or ink legs get lost, or overhauled 
in the thread from wear and tear, they may still be put to use by 
tying a piece of fine wire or fine string round the leg between the 
middle and points, which can be shifted up or down to produce the 
thickness of line required ; or if the spring that opens the ink points 
loses its elasticity, or gets broken, a little piece of india-rubber or 
cork fitted in between will act very well until refitted in a proper 
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lead weights for the pnrpose of keeping a sheet of paper 
flat cost Is. 6d. plain, incased in mahogany, 8^. 6d. each. 

Much drawing cannot he done without a good straight- 
edge, 7 or 8 feet long, 2^ inches broad, and ^ of an inch thick, 
having one edge bevelled within A of an inch from the lower 
edge.* The price of a 7 feet mahogany straight-edge is 
about 3^. 6d,y hardwood, 65., steel, Sis. 

Three little triangular set squares of pear tree, or vul- 
canite, of 66°, 46°, and 80°, each of them having one right 
angle, are essential, the two former angles for projecting 
shadows, &c., and the last for drawing in six-sided figures, 
such as nuts. It is better not to have the rectangular sides 
of the former less than 4 inches long. The price of pear- 
tree set squares, if 4 inches, 4(2., 6 inches, 6d., 8 inches, 6d. ; 
vulcanite of the same sizes. Is., Is. 6(2., and 2s. respectively. 

As engineering is so much concerned with shipbuilding, a 
few parabolic moulds are desirable for any ship sections that 
occur in marine engineering drawings, as well as for drawing 
curved shadows in machinery drawings generally ; also arcs 
of circles of large diameter will be found useful for drawing- 
in barrelled rods, and for various other curved details. The 
following representations of moulds present a series of 
curves, each set containing what it would require two or 
three of the others previously indicated to produce. These 
are given of full size, so that a similar set in thin wood can 
easily be made by pricking any of the three examples given 
through to the wood, or by first tracing them and pricking 
through the tracing on to the wood. After having delineated 
it carefully with a fine pointed pencil, the required mould can 
be cut out with a sharp penknife, then filed and sand-papered. 
Pear or lime tree is the best material for such purposes. 
They are to be had of various patterns and sizes, and in 
sets. 

♦ To prove a straight-edge, draw a line along the edge, turn it over, 
or place it end for end with the edge towards the line ; if they still 
coincide it is correct. 
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In the annexed diagram each of the three moulds is 
differently lined and dotted so as to distinguish them, v^hile 
occupying little space. Price of any pattern of the same 
sizes as in example, pear tree, 6^. each, or 5^. per dozen ; 
if of vulcanite, Is, to Ss, each ; a set of 9 pear-tree long 
curves costs Is. 6i., or 16 for 12s. 6d. ; 40, Admiralty pattern, 
pear tree, in a case, 86s. ; ditto, vulcanite, 60s. 

It is hardly needful to say that the draughtsman must 
always possess a good 2 ft. rule for taking the dimensions of 
machinery to be drawn to a scale. The rule should have a 
brass slide, for the more conveniently measuring small 
orifices. Price of a boxwood sUde rule variously graduated, 
from 4a. 6d. Also, external and internal calibers should be 
procured, and several little strips of wood for taking dis- 
tances from* models. 

A good steel writing pen for printing, or for making wood 
or iron fractures, should be kept. For circles too small for 
ink bows a good steel crowquUl is wanted. This should have 
as thick a holder as a writing pen, otherwise it is difficult to 
command. A pen intended for such a purpose should never 
be applied to any other. 

An ordinary magnifying glass will be found useful for 
examining the points of drawing pen, ink bows, &c., show- 
ing better what is required to them in touching them up', if 
not drawing satisfactorily. 

For ordinary mechanical drawings pencils marked HH 
are the best ; * and for rougher purposes a common pencil. 

A good 6 inch sponge, fine grained, is necessary. 

India-rubber of the common dark description, is the best 

* In liandling a new pencil, there is more command over it when it is 
lon^, than when it gets cut down to about 3 or 4 inches. It is impossible 
to draw well with a short pencil. When a pencil gets inconveniently 
short iVcan be attached to the end of a longer piece by simply gum- 
ming a strip of writing paper about an inch broad round the joint two 
or three turns, or a crayon holder may be used. When pencils are 
cut away, until about an inch or so long, they should be thinned to 
lit compasses or bows, as pencils for such purposes of the proper size 

'd of HH quality are seldom to be had. 
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»rdinary di'awing paper, especially if the paper is to be 

ored on. 

or the machine-made paper, where the pencil lines are 

difficult to rnb out, vulcanised india-rubber is the best. 

n ink eraser may be useful for removing a blot from the 

fr, but should never be used on any surface to be 

mred. 

hirther remarks upon these subjects will be found in the 

•eedipg chapters. 



CHAPTER V. 



SCALES. 
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H best and most durable scales are of ivory ; and though 

cwood is often ujsed, it will not stand so much tear and 

px as the former. 

A good useful engineer's scale ought to have from ^th (and 

Ogressing by an eighth) up to 8 

ihes to a foot. 

8cales are usually made in four 
jFerent forms in their cross sections, 
I shown at a, 5, c, and d, Fig. 20. 
bey are generally a little over 1 foot 
^g, and about 1^ inch broad. 

t • 

The form of edge shown at c, when 

ae rule has the required scale, is 

iseful for applying direct to the 

rawing, especially for minute parts, 

fithout measuring off the distance 

»y the compasses. The scale d is of 

» convenient form, having two more 

Klditional scales at a third edge for 

Sie same purpose; a is the best 

brm, if required at any time as a little straight-edge. 



..^^^^^^^ 




Fig. 20. 
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Price of ivory scales, best quality ) _ ^, , ,.. >• 

ras fita b c) each ^' ^"^^ ^^'^'"''^ ^""^'^^ ^*- 

Boxwood, ditto 28. 9d, 

Ivory, triangular (d), 12 inches ) ^ 

long j 21«.to258. 

Ditto, 6 inches long . . . • 9«. to 10«. 6^. 
Boxwood, ditto, 12 inches long Is, 
Ditto, 6 inches long .... 4s. 

There are very good sets of single scales on pasteboard, 
and sold in cases large enough to contain all the ordinary 
useful scales. These are cheap compared with the sorts 
already referred to, and each has the scale at the edge, 
which is convenient, yet by frequently using them they get 
soiled and dirty looking, and the compasses soon begin to 
tell on the divisional lines. 

Price, 18 inches long, Is, each, or per dozen, in a case, lOs. 

There is a form of scale, not so much in use now<among 
engineers as formerly, divided differently from those just 
described, and of which the subjoined diagram (Fig. 21) is a 



/ 4 ^ _2 i o 

I J I 1 1 J^ 



Fig. SI. 

representation. It is still the form of scale put on the 
drawings of ship designs. In the present example there are 
six horizontal spaces formed by parallel lines. The last foot 
at each end is divided into inches by the diagonal lines, so 
that from the vertical line o at either end of scale on the 
second line to. the first diagonal is 1 inch, and to the second 
diagonal 11 inches ; from o, on the third line, to the first 
diagonal is 2 inches, and to the second diagonal 10 inches ; 
and so on up to 6 inches. This scale is generally made 
** double ended ;" so that it is immaterial, therefore, which 
end is used. There are other modifications of this scale, 
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but the example here given will be found sufficiently expla- 
natory for the rest. They are to be had of the same 
materials as those first described.''^ 

In civil architecture it will generally be found that the 
scale on the different orders is not feet and inches, but 
minutes and seconds (or tenths), the minute being divided 
into 10 seconds. 

A new and useful scale f for the measurement of lines has 
come into use in the offices of engineers, architects, sur- 
veyors, &c. ItiscaUed a '^Dionome,'' and gives by mere 
inspection every measure of a line from the g^th of an inch 
to 6 inches, and the price of which is only l^. 



CHAPTER VI. 

^OLOUBS, INKS, PALETTES, AND BRUSHES. 

Colours, — ^The colours usually required for engineering 
drawings comprise Prussian blue, crimson lake, gamboge, 
burnt umber, yellow ochre, light (or Indian) red, indigo, 
flake white, and carmine. 

An engineering draughtsman, under ordinary circum- 
stances, may get on very well with these, but in colouring 
sections, &c., of steam -ships (referred to further oh), 
requiring some little decorative art, other colours will be 
found necessary. 

Complete sets of colours include all the foregoing, and 
others — as sienna, sepia, &c. — which are used in civil 
architecture. Excepting the carmine, which costs 10s. per 
whole cake and 5^. per half cake, they can be had of good 
quality at Is. per whole cake. At a less price they are apt 
to be gritty, and unfit for the purpose required. 

Neutral tint for shading, when sold in cake, is frequently 

* Scales should never be used, as they too frequently are, as pa^er- 
cutters, which process soon serratcs the edges, 
t BySpanton. 
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too chalky for engineering drawings ; it is, therefore, better 
to mix it np of the different transparent colours which com- 
pose such tint (for the component parts see Chapter XYI.). 
Fluid colours of carmine, blue, green, &c., are to be had 

. in bottles at Is. each, and are more used in drawings of ship 
designs than for engineering drawings. 

Inks, — ^Indian ink varies a great deal as to quality ; indeed, 
it is difficult to get the genuine article. There are two sorts, 

' one having a rough and the other a smooth exterior. The 
smooth is found generally to be the best, it shades better 
than the other, and the lines made by. the smooth are not so 
apt to run in colouring over them. If the cake is of the 
best sort, the end, after rubbing when moist, should present 
a brownish hue. The cakes are sold of various sizes, and 
their quality being supposed to be equal, their price varies 
accordingly, though the shilling size is generally of better 
quality than the larger sort. A shilling cake, ij^ constant 
ordinary use by one person, will last twelve months, fre- 
quently longer. 

Fluid Indian ink can be had in bottles at 2s, 6d, each, 
used for lining only, that in cake being best for the shading 

tint. 

Palettes, — Two sorts are necessary, one having a sloping 
recess for rubbing down Indian ink, and having three or 
more little round recesses or cups adjoining for mixing up 
tints ; and a second palette is required having three or more 
sloping recesses only, for rubbing down each colour required 
separately, either for using each by itself, or before for 
mixing up a tint. The average price is 6d, each. Little 
saucers fitting into each other, called cabinet-nests, to keep 
colour moist when not using, are to be had ; those having 
five in the set, small size, cost Is., middle Is, Sd,, large Is. 6d. 
There are also little glass tumblers made for draughtsmen 
for containing the water for shading, and having little inden- 
tations in the rim for holding the brush when not in use for 
'he moment. Price about 6d, each. 
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Brushes, — ^In choosing colour brushes they should be 
gently drawn through the lips, and if on b^ing bent against 
anything they still keep their elasticity, they may be con- 
sidered fit for use, but if they keep the bend they should be 
rejected. They should always terminate in a point when 
moistened. 

The prices of ordinary brushes vary very much at different 
shops. For all ordinary drawings there should be three 
sizes, and in pairs, those on each end of holder being 
similar. 

Prices : — 

2 — \ inch long, sable, per pair, and holder 7^. 
2 — i ditto ditto ditto Is. 4<i. 

2— i ditto ditto ditto 2s. M. 

Sable is preferable to camel hair, as it retains its elasticity 
for a longer period. The cost of the latter is about two- 
thirds less. 

The holder should be about 5 inches long — ^the brush at 
one end being used for the tint, and that on the opposite 
end for water. 

Brushes of a larger size may be sometimes found neces- 
sary for large washes of tint. When selecting such, the 
ones fitted in sheet iron, instead of quill, are preferable, and 
will stand rough work longer. 

Prices : — 

Camel hair, \\ inch long and f inch diameter, 

with holder, about Is, each. 

Camel hair, 1 inch long and ^ inch diameter, 

with holder, about 6i. „ 

Sable, li inch long and i inch diameter, with 

holder, about . • • 7s. 6d. „ 
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CHAPTER Vn. 

DBAWINQ AND TRAOING PAPERS, ETO. 

Drawing Paper, — ^The paper most commonly used for 
practical engineering drawings is double elephant. Of this 
there are two sorts — rough and smooth. The latter will be 
found the best for shading. Antiquarian is a larger sized 
sheet, and generally has a good surface to draw upon ; and 
so has atlas paper ; but neither are half so much used as 
the elephant. Machine-made or what is called cartridge 
drawing paper, has not so good a surface as any of the 
above, neither is it so white, its principal recommendation 
being found in its dimensions, it being procurable in rolls 
any reasonable length. It has a rough and a smooth side, 
the latter being the proper side to draw upon. It is fre- 
quently used for shipbuilding drawings, the other papers 
being too short in most cases ; it is also used for large 
illustrations for lectures. 

The following table gives the names, with their sizes, and 
prices per single sheet, of the several kinds of drawing 
paper in general use. In purchasing a quantity, the price 
would, of course, be proportionally less : — 



Name of Paper. 


Lenffthia 
inches. 


Breadth in 
inches. 


Price. 


Cartridge (thin car- 


Continu- 


67 


^, per yard, or 25 


toon) 


ous 




yards. 7«. 4^. 


Do. (thick) 


Do. 


52 


11^. per yard, best la Ad, 


Drawing Cartridge 


54 


27 


Sd, per sheet. 


Antiquarian 


53 


30 


3*. „ 


Double Elephant 


40 


27 


Sd, to 9d, „ 


Columhier 


35 


23^ 


7d, „ 


Atlas 


34 


26 


7d 


Imperial 


30 


21 


Hd. 


Elephant 


28 


23 


^d. „ 



The prices in different shops vary a little, and the sizes 
of those bearing the same name will sometimes be found to 
differ a little from the above. 
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Drawing paper, ready mounted on cloth : — 

Price per yard, 54 inches wide, 5« 

* 40 „ 8s. 

Tracing Paper, — Tracing paper is sold of many sizes, and 

of as many prices, seldom two shops being alike in this 

respect ; bat the following will be found about the average 

prices for the sizes given : — 

40 inches by 80 inches, 6d, per sheet. 

80 „ 20 „ Sd. „ 

24 yards, continuous, 42 inches wide, ordinary, from Is. 

to 9s. 

Extra stout, 16s. 

Home-made tracing paper is much less expensive than 
that purchased at the shops. ^ Common silk (or tissue) paper 
can be had at something less than a halfpenny per sheet, of 
the ordinary size, when purchased in quantities. To pre- 
pare it, mix a proportion of 1 of boiled linseed oil to 5 of 
turpentine in a cup. Put a single sheet of the paper at a 
time on an inverted tea tray, large enough to allow, at 
least, the half of sheet .to lie flat. The. mixture should 
then be put on with a small sponge, one coating only, and 
that not too thickly ; each sheet after such process should 
be hung over a string stretched across the room, and when 
all the clear oily marks entirely disappear it will be ready 
for use. 

Tracing Cloth. — ^Tracing cloth, 88 inches wide, costs about 
Is. 6d. per yard. 
Best continuoits, 28 inches wide, 80^. per 21 yards. 



CHAPTER Vm. 

FBEPARATION FOB DRAWING ON BOARDS. 

To draw easily, and accurately, the paper must be stretched 
tight on the board ; in other words, it must be quite fiat. 
If the paper is not stretched quite tight, the process of 
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colouring would cause the paper to buckle up where mois- 
tened, and it would not lie flat again when dry. To get 
the sheet satisfactorily tight, it must be first expanded by 
damping it all over with a sponge and clean water, putting 
weights on each corner of the paper to keep it in as flat a 
position as possible during the process. It is better not to 
place the paper on the board to which it is to be gummed, 
as the very place which is required to be kept dry for the 
joint would be apt to get wetted ; any other flat horizontal 
surface will suit for the purpose. It was formerly the 
custom, far more than now, to take the right side of the 
paper for drawing on, supposed to be that in which the 
name of the maker of the paper in the watermark can be 
read off. In the case of the paper most in use, both sides 
will be found so nearly alike as to render the difference, if 
any, of no practical importance. If any sheet has really a 
better looking or smoother side than another, the smoothest 
side is generally the best for drawing on. 

As the less the surface of paper is sponged the better, the 
side not to be drawn on should be equally sponged all over 
with a sponge nearly dry, and all tiny pools of water lying 
in the hollows of the surface carefully removed. When the 
clear watery surface begins to look dry, or rough, repeat the 
process a second time, allowing the water to sink in, as 
before. As long as clear water lies on the surface, the 
paper may go on expanding during the process of fixing 
down the sheet, and much trouble may follow from the 
edges not lying flat, under which circumstances the only 
remedy is to take up the sheet where fixed, and let it rest a 
little. After the water from the second sponging has sank 
in sufficiently, it is time to turn over the paper, having the 
drier or proper surface for drawing on uppermost, and while 
thus damp the edge must be fixed down 'firmly all round, 
either with hot or cold glue, or thick office gum.''^ If an 

* Fluid gum is the quickest adhesive with which to put down a 
sheet, though cold glue is perhaps the cleanest. Hot glue, though it 
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ordinary sheet, and having a long way, the long sides should 

be fixed down before the ends ; a square, or straight-edge, 

should be placed fths of an inch inwards from edge of paper, 

and weights upon it to keep it firm, and the edge of the 

paper turned up against it. If cold glue is to be used, it 

should be a piece about 8 inches long and straight on the 

rubbing edge, and moistened with cold or hot water (die 

latter being preferable), then rubbed against the tumed-up 

edge* of the paper and the board, when it will become 

adhesive. The edge of the paper should next be turned 

down and rubbed hard with the rounded end of a penknife 

or a piede of hard wood fcr the purpose, always through a 

strip of drawing paper about 6 inches long. In putting on 

a sheet with fluid gum, both tho board and edge of paper 

should be gummed; a joint either of gum or hot glue 

seldom requires rubbing down, as in the cold glue process, 

unless the edge should rise here and there. 

After the four sides have been put down, it is a safe pre- 
caution to put a brass-headed pin' in each comer, and a few 
along the sides and ends. These assist in preventing the 
joint from giving way. If the sheet contracts quicker than 
the joint dries, a slight sponging over the surface of the 
sheet, keeping an inch clear of the sides, is also a safeguard. 
In putting on a large sheet, which is apt to get too dry 
before the sides are all fixed down, a damp piece of calico, 
or similar fabric, is the best thing to lay on it, always keep- 
ing it clear of the edge of the sheet, the paper is thus kept 
expanded until the joint is dry all round. The paper, on 
removing the cloth, then contracts, and becomes perfectly 
tight for drawing on. 

g^enerally performs its work well, is messf^f and as snch, not to be 
recommenaed. The fluid gum sold in bottles is generally too thin for 
0uch purposes ; the proper proportion should be equal gum with equal 
-water, and it should be kept ready for use in a phial 'haying a wide 
neck, closed by a cork with a little hole in the top of it in which to 
place the brush when not in use. The brush should be a hard one, 
ckbout half inch long, and kept entirely for the purpose. 
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In putting down a very long sheet, sacli as for ship draw- 
ingSy instead of fixing down the long sides first, as in ordi- 
nary sized sheets, it is easier to fasten down the ends first, 
as otherwise when such a length of sheet begins to contract, 
the sides would give a good deal of trouble. When the 
ends are put down they should be well pinned ; then in 
each of the long sides, 8 or 9 inches of the edge in the 
middle of length, should be turned up, having made a little 
incision at each end of the little length previously, such 
length should be gummed, or glued, and pinned clown ; in- 
termediate spaces should be opened up and treated similarly. 
The process should be repeated until both sides' are fully 
fixed down. When the paper has become quite dry, the 
pins must be removed, so as to allow the square to do its 
work. 

Sometimes in putting on a sheet with assistance, when it 
is damped and ready for turning over on the board, the 
edges might have the gum or fluid glue first put on, and, 
with a person at each end, it can be turned over easily on to 
its board and rubbed down, granting the gum or glue has 
not dried too quickly on a very large sheet. Or the paper 
may be fixed to the board without assistance, by placing the 
board as nearly vertical as it will stand against the wall or 
other firm object, and taking the sheet so prepared and' 
hanging it on the board in the same way as in papering the 
wall of a room, immediately after which it should be placed 
horizontally. A board with a newly-stretched sheet should 
never be placed against the wall, or in any upright position 
to dry, as the moisture in the paper is apt to sink gradually 
down, and by the upper joint drying, and the paper con- 
tracting and pulling it upwards at the same time, the lower 
joint gets loosened. Neither should a board with, or •with- 
out, a sheet on it be placed at any time against a wall T\^liose 
dryness is doubtful, for where there is the least damp the 
board runs the risk of being warped, and if any sheet 
stretched upon it, would be destroyed by getting cloudy ; 
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and if it has anything drawn on it so much the worse. A 
newly-stretched sheet should never be held to the fire to 
dry, as the edge joint is likely to be pulled up before it is 
sufficiently dry. It should be allowed always to dry natu- 
rally in a horizontal position. 

A frame fitting over a board, as described in Chapter 11., 
Fig. 1, without any adhesive, is seldom or never resorted to 
now for practical engineering drawings. 

Long cartridge paper has a surface that does not suit 
well for some large drawings, when it is better to join - 
the smaller sized sheets of superior surface. This can be 
done very neatly by thinning the edges to be joined by 
fine sand or glass paper, held tightly by the hand (or 
glued) around a fiat piece of wood about 6 inches long, 
2 inches broad, and i inch thick. The edges of the paper, 
which are to be joined, should be cut quite straight, after 
which each sheet should be placed separately, with the cut , 
edge close to the edge of the table or a drawing board, and 
a straight- edged piece of wood, against which to bear in 
using the sand paper, placed above the paper about fths of 
an inch, or the breadth of what is to be the joint, inwards 
from the edge of paper, and held firmly by weights. The 
projecting Jths of the paper, beyond the straight-edge, 
should then be rubbed with the sand-paper till it is quite 
thin at the outer edge ; the same process should be repeated 
to the end of the other sheet, taking care previously that 
the corresponding surfaces to be drawn upon will be together 
when joined. Each edge of paper, so rubbed, should have 
a thin coating of gum. Having placed the sheets so that 
the joint will be somewhere on the middle of any fiat sur- 
face, such as a table or a drawing board, a slip of drawing 
paper, at least 1^ inches broad, should then be placed over 
the joint, and well rubbed on the top with the rounded end 
of a penknife ; never in any case should the intervening 
slip of paper be omitted. If the pape^ thus joined is not 
afterwards to be damped for stretching, a strip of smooth 

c2 
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wood, or a straight-edge, with a few weights, should he laid 
on the joint, causing it to dry flat. If, however, the paper 
has to he stretched on a hoard, it should he done while the 
joint is still damp. The joint should he carefully avoided 
in sponging the paper. When the paper is gummed round 
the edge, and put down in the ordinary way, a hrass pin 
should he placed in each end of the joining of paper, 
and three or four on each side of it, ahout 1 inch apart in 
the common margin. A sheet formed thus, in two parts, 
should never have any drawing on it sponged, in the way 
referred to in Chapter XYI., or the joining ends would run 
the risk of heing separated during.contraction. 

On any unstretched sheet of drawing paper finer ink lines 
are more easily drawn, the flhre of the paper not heing 
separated hy expansion. When a small unstretched sheet, 
kept in roll, is to he drawn upon, it will always he found to 
lie hetter to the hoard hy keeping the hollow, or concave 
side, uppermost. The comers should he stuck down with a 
little gum, rather than pins, as the latter are apt to interfere 
with the free action of the T-square ; but when for colour- 
ing, however small the sheet, it must be stretched and 
gummed down all round, for the reason already stated. 

A damp sheet should never be covered up with brown 
paper, or the like, as such coverings are apt to leave a 
cloudy mark. 

When the sheet is quite dry, white paper is the best 
covering, particulars regarding which are noticed at the end 
of next chapter. 

Should there be at any time two drawings, one on each 
side of a board, one of them not being required for a time, 
and the other worked at, a sheet of paper should be put 
above the former, and gummed down all round at the edge, 
and a brass pin put in each comer, so as to keep the under 
surface from being* chafed by the table, which it certainly 
otherwise would be after being handled about. 
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CHAPTER IX. 

STBETCHIMa FBAME. 

If a drawing has to be made in a highly-finished style for 
framing, it is better to first attach the paper to the cloth 
already fastened to the plain stretcher, which has to be 
placed in the proper frame, otherwise colours and shade 
lines are apt to run and blot, besides running the risk of the 
drawing not drying on the cloth quite fair and square. 
Especially is this advice necessary to the draughtsman who 
has not been accustomed to mount his own drawings. A 
stretching-frame should be strong enough to resist the ten- 
sion of the paper when dry, and for any length above 18 
inches should have a bar or bars across. The inner top sides 
of stretchers should be slightly rounded over, as shown in the 
subjoined cross section (Fig. 22) ; if these corners were left 
square they would be apt to show a soiled mark on the paper 
by the time a drawing was finished. A large frame, 6 or 8 feet 
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Fig. 22. 

long, should have two cross bars, dividing the length of 
frame into three equal parts, and of such thickness as when 
let in flush at the back the top sides only come up to the 
rounding of the sides, as shown ; and they should be let 
into the sides only about one-third across, so as not to 
weaken them. The sides and ends of a stretcher 8 or 9 
feet long, and 2 feet across, should be 4 inches by Jths of an 
inch. The frame being ready, linen or calico — the former 
being preferable — should be procured as white as it can be 
had, and it should be spread out on a table or other flat 
surface, and, the face side of stretcher being laid next to it, 
the edges of the cloth should be pulled over and nailed to 
the back ; the ends first, then the middles of the sides, and 
in every intermediate space until the tacks are only about 4 
inches apart, taking care always to pull it tight in putting in 
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any tack when opposite to another. If the edge is folded 
for the tacking, the two thicknesses will tend to hold the 
tacking hetter than if single. The paper to he stretched 
should he laid flat on a surface covered hy a clean tahle- 
cloth, the side of paper to he drawn on of course heing 
tinder. Sponge the paper with clean water, and let it dry 
in a little ; and then with cold flour paste, free from knots 
and gritty matter, applied wiih a flat hrush (whitewash one 
if the sheet is large), give the paper one or two good coats ; 
place the frame with the cloth on the paper, and ruh the 
hack of the cloth well ; turn it over and ruh down the edges, 
which should he in a little from outer edge of frame. If 
any little hlisters should arise from the paste not having 
heen sufficiently cold, they should he pricked with a fine 
needle, and the paper ruhhed down. When paper thus 
stretched on cloth is quite dry, it will he found nearly as 
stiff to draw on as a drawing-hoard. As the cloth at the 
edge of the frame will not present a good edge for the 
accurate working of the T-square, a strip of parallel wood, 
rectangular in section, and equal to the thickness of the 
frame, should he nailed on temporarily. 

In making a drawing, mounted as descrihed on a frame, 
the horizontal lines have to he worked as in long drawings 
on hoards, hy measuring up in two places in the length from 
the hottom, and applying a straight-edge. A long T-square, 
however accurate in itself, and however square the ends of 
hoards or frames may he to the sides, would he rendered 
inaccurate hy the least particle of grit, the end of the hlade 
seriously so. It may he as well to mention here, that in 
shading and colouring a stretched drawing on a frame it is 
hetter to lean the hand on a thin hroad straight-edge, or 
clean strip of plank long enough to reach over the ends of 
frame, and which will prevent the hand indenting the 
paper. 

In covering up a drawing in progress, either on hoards or 
stretchers, when not actually working at it, hrown paper or 
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newspapers should never be used for the purpose — ^the for- 
mer being greasy or tarry, and the latter apt to soil^from the 
printed matter. Glean white paper is the best, and can be 
had of large size for such purposes, or several sheets can be 
pasted together. The best way for preserving a drawing 
when likely to be indefinitely prolonged, is to gum all round 
the edge of the cover, after the principal centre lines have 
been drawn in, and cut a door in it suitable to the size oi 
the piece of drawing that is being worked at, and, when put 
aside, another whole sheet should be pinned all round the 
edge on the top of the other. A drawing cannot be kept 
too clean. « 

Drawing paper, when purchased ready mounted on cloth, 
is useful for various kinds of drawings, 1)ut more frequently 
for those of civil than mechanical engineers. It is never 
damped and stretched for drawing on, and rarely buckles up 
in being coloured. For any drawing to be afterwards 
framed, those whose business it is can put it on a stretching 
frame quite tightly, without at all injuring it. 



CHAPTER X. 

OOMMENCING A DBAWING. 

Dbawino is the art of representing objects on a plane surface 
in such a manner that the delineation shall perfectly accord 
with the natural appearance of those objects. It is also the 
laying down the outlines of any object tastefully and cor- 
rectly ; and the process depends chiefly on the dexterous use 
of the various instruments employed, and upon preserving a 
strict proportion of details, so that the whole and all the 
parts may agree with the scale on which the drawing is 
constructed. * 

It is usual to stand when drawing, especially in making 
large drawings. In making small drawings, however, sitting 
may do well enough, as they can be conveniently worked at. 
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Having seen that the drawing-paper is properly stretched 
on the board, quite dry, and free from blemish, and, the 
board and square having been proved correct, a good flat 
point must be put on the H H pencil by a sharp penknife. 
Though a round point is preferable for filling in any little 
circular work, a flat point will do more straight work with- 
out repairing. The wood should be cut away as far back 
as }ths of an inch from the end. In using the penknife for 
this purpose, it will be found less liable to break the lead if 
the blade of the knife is held at an angle than if square 
across ; the point can be trimmed up either on a small 
smooth file, or on fine sand (or glass) paper. The point of 
the pencil must not be so flue as to break off, and should be 
kept sharp by a little application of the sand^paper. 

A pencil should never be wetted, as afterwards it would be 
impossible to rub out ; besides, it is quUe unnecessary. 

Before using the T-square for the day, it should be wiped 
free from dust with the cloth kept for such purposes. 

In using a square which has a shifting stock for lines to 
be parallel to the board, care must always be taken that it 
is not the shifting part of the stock that bears against the 
board, instead of the flxed side : the screw nut of such stock 
should always be uppermost. 

For drawipg hprizontal lines the square must be kept firm 
with the left hand against the left edge of the drawing-board, 
and never, by any means, on the right side ; and for drawing 
vertical lines the square must be kept firm, with the left 
hand, against the bottom edge of the board, and never 
against the top edge. 

The lines should always be drawn along the front edge of 
the square, and never along the edge at the back, and 
always on the same side of the blade, even though the stock 
is not a shifting one. For the same drawing the same square 
should always be used. 

The little triangles of thin wood (referred to in Chapter 
lY.), having one angle rectangular, when placed against the 
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T-square, are useful for drawing any series of lines at right 
angles to the T-square, or parallel to each other ; hut, unless 
for a series of lines, it is more trouhle adjusting the square 
in its position across the hoard than shifting the T-square 
itself. 

Having previously laid off, just visibly, the point through 
which the line is to be drawn, and placed the T-square in 
position, the top of the pencil should incline a little out- 
wards, ao as to permit the point to move close to the lowe; 
edge of the square ; the top of the pencil should also in- 
cline a little towards the right. The line should invariably 
be drawn from the left to the right. 

In making circles with pencU compasses (supposing them 
of the description recommended in Chapter lY., with a joint 
in each leg), the lower portions of each leg should be kept 
nearly vertical, otherwise the (fentral point will make a large 
hole in the paper, which ought always to be avoided. If 
the circle is to be a small one, the central leg should be kept 
a little longer than the pencil one : for ii^ most cases it will 
go a little way into the paper. A good small circle can 
never be drawn if the centre leg is the shortest. In drawing 
a circle, the bows (or compasses) should be held by the top, 
and kept in as upright a position as circumstances will 
admit of. 

Before entering into the subject of copying by the pencil 
from an original drawing, &c., it is requisite to give, in a 
concise way, a few hints in geometry, the uses of which are 
coutinuaUy recurring in mechanical drawing. 



CHAPraiR XI. 

HINTS ON GE0METB7. 



Geometbt is the science which treats of the properties and 
relations of magnitudes. 

These magnitudes are either solids, surfaces, or lines. 

od 
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Solids have length, breadth, and thickness. 

A surface is the face of a solid, and has only length and 
breadth. 

A line has only length, withont either breadth or thick- 
ness, and may be called the boundary of a surface. 

A point has neither length, breadth, nor thickness — ^it has 
simply position ; and in the crossing of two lines there is 
the point of ifitersection — it has only position.* 

Lines, — ^Lines are either straight or curved. 

A mixed line is composed of curves and straight lines 
(Fig. 23). 



Fig. 2a Fig. 24 

Parallel straight lines are those which are equally distant 
from each other at every part, and however far they may be 
produced at either end can never meet (Fig. 24). 



Fig. 2S. Fig 28. 

A horizontal line is a line parallel to the horizon (Fig. 
25). 

A vertical line is a line upright from the horizon (Fig. 26). 

• 

* In attempting to represent lines and points on the surface of 
paper by means of drawing instruments, the representations can never 
more than approximate to the things intended to be shown. For the 
finest line that can he drawn will have some hreadth ; and, indeed, if 
it had no breadth it could not he visible. In the same way, a point 
may he represented by a very minute dot on the surface ; still, as it 
covers some surface, it is not a geometrical point. 
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Angles. — ^An angle is the amount of opening between two 
lines which me^t. It will be understood that the lengths of 



Fig. 27. 



Fig. 28. 



the lines have nothing to do with the size of the angle : 
thus, these two angles (Figs. 27 and 28) are said to be equaU 

If the lines are both straight, it is called a rectilineal 
angle; if both curved, a curvilineal angle. The lines are 
the sides of the angle ; the point of meeting is the vertex of 
the angle. 

Eight Angle. — ^When one straight line stands upon another, 
so as to make the two angles equal, each of these angles is 
called a right angle (Fig. 29) ; and one line is said to be 
perpendicular to the other. A line ^hich is not perpen- 
dicular to another is oblique to it. 

Acute Angle, less than a right angle (Fig. 80). 

Obtuse Angle, greater than a right angle (Fig. 81^. 







Fig. 29. 



Fig. so. 



Fig. 81. 



Surfaces, — Surfaces are either curved or flat. Flat surfaces 
are called planes. Curved surfaces may be called deflected. 
The hollow side is called concave ; the other convex. 

Triangles. — The three angles of any triangle added together 
are equal to two right angles. 

Any side may be called the base. 

Triangles are denominated according to the magnitude of 
their angles. 



36 



HINTS ON GEOMETRY. 



A tight'angled triangle, having one right angle (Fig. 82). The 
side opposite which is called the hypothennse; the other 
sides are, indiscriminately, one of them the base, and the 
other the perpendicular. 

An acute-angled triangle^ having its three angles acute 
(Fig. 88). 

An obtuse-angled triangle, htiving an obtuse angle (Fig. 84). 






Fig. 82. 



Fig.Sa. 



Fig. 84. 



Triangles are also divided according to their sides. 

An equilateral triangle, having three sides which are equal 
(Fig. 86). . 

An isosceles triangle, having two sides which are equal 
(Fig. 86). ^ 

A scalene triangle, having all three sides unequal (Fig. 87). 






Fig. 86. 



Fig. 86. 



Fig. 87. 



Quadrilaterals. — ^A quadrilateral figure is that which is 
bounded by four lines. 
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When the opposite sides are parallel, it is ealled a 
parallelogram (Fig. 88). 

When a parallelograni has right angles, it is called a 
rectangle (Fig. 89). 



Fig. 88. 



Fig. 99. 



Fig. 40. 



Square, having four right angles and fonr eqnal sides 
(Fig. 40). 

Bhombus, or lozenge, having its sides equal, and only its 
opposite angles equal (Fig. 41). 





Fig. 41. 



Fig. 42. 



Fig. 48. 



Bhcmboid, having its sides parallel, and only its jopposite 
sides eqnal (Fig. 42). 

Trapezium, having neither pair of its sides parallel (Fig. 
43). 



Fig. 44. 



Fig. 45. 



Trapezoid, having two sides parallel (Mg. 44). 
Bight-angled trapezoid, having two right an^es (Fig. 46). 
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Isosceles trapezoid, having two opposite sides equal (Fig, 
46). 




Fig. 40. 



Fig. 47. 



Figures on planes and of more than four sides are called 
polygons. 





When the sides and angles of a polygon are eqnal, it is a 
regular polygon ; when they are otherv^e, it is an irregular 
polygon. 





Fig. 60. 



Fig. 61. 



PentagoTij five sides and five angles equal (Fig. 47). 
Hexagon, six sides (Fig. 48). 
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Heptagon, seven sides (Fig. 49). 

Octagon, eight sides (Fig, 50). 

Nonagon, or Enneagon^ nine sides (Fig. 51). 





Fig. 58. 



Fig. 68. 



Decagon, ten sides (Fig. 52). 
Undecagon, eleven sides (Fig. 58). 
Drwdecagon, twelve sides (Fig. 54). 
Diagonal, — ^A line joining the vertices of two angles of a 
figure not adjacent (Fig. 55). 





Fig. 64. 



Fig. 66. 



Circles. — Circumference, a curve line of which the 
points are equally distant from a point or common centre. 
The circle is the area bounded by the circumference (Fig. 
56). 

Diameter, a line passing through the centre and terminated 
both ways by the circumference (Fig. 57) (the proportion of 
diameter to circumference is as 1 to 8*14). 

The portion of the circle cut off by the diameter is a semi- 
circle. 
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Eadius, a line drawn from the centre to the circumference ; 
equal to half a diameter. All the radii are obviously equal 
(Fig. 58). 





Fig.M. 



Fig. 67. 



Arc, a part of the circumference (Fig. 59). 
Chord, a line joining two points of a circumferencOi or the 
extremities of an arc (Fig. 60). 





Fig. 68. 



Fig. 69. 



Segment^ part of a circle cut off by a chord (Fig. 61). 





Fig. 60. 



Fig. 61. 



Sector, space cut off by two radii (Fig. 62). 
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Inscribed Ivne^ a line tenninated both ways by the circum- 
ference (Fig. 68). 





Fig. e3. Fig. 68. 

Inscribed angle^ the summit at the circumference, and the 
sides consisting of two chords (Fig. 64). 

Inscribed triangle, the summits of the three angles at the 
circomference (Fig. 65). 





Fig.64 Fig.60. 

Tangent, touching the circle without cutting it, meeting 
only at one point, called the point of contact (Fig. 66). 




..-\ 



Fig. 60. Fig. 67. 

Secant, a line drawn from the centre through the ex- 
tremity of an arc to meet the tangent drawn from the other 
extremity, as the dotted line (Fig. 67). 
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Coneetitrie lines, having the same centre, and therefore 
parallel (Fig. 68). 

Eecentric lines, having different centres (Fig. 69). 





Fig. 68. 



Fig. 69. 



Ordinate, a straight line drawn from any point of a curve 
perpendicular to the diameter, as the dotted lines (Fig. 70). 

Abciss, the part of the diameter out off by the ordinate 
(Fig. 71). 





Fig. 70. Fig. 71. 

Spiral, starting from a centre and removing from it 
gradually (Fig. 72). 








^^ 



Fig. 72. Fig. 73. 

Helix, turning on a cylinder, and uniformly advancing 
lengthwise (Fig. 78). 
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Tangent circlet (Hg. 74). 
CireaTntcriied polygon (Fig. 76), 

EUipse (Fig. 76). The longest diameter is called the 
major axit, and the shortest diameter the minor axii. 




SoUdt {regular). — Of Bolida there ore a great variety. As 
planes are bounded by lines, and derive their names from 
the character and disposition of these lines, so solids are 
bonnded by sorfaces either plane or curve, and derive their 
titles therefrom. Regular sohds, bounded excioaively by 
planes, cannot have fewer than four sides. 

Tetrahedron, having the faces composed of four equilateral 
triangles (Fig. 77). 

Hexahedron, having six faces equal squares (Fig. 78). 




Octahedron, having eight &ces equilateral triangles (Fig. 79). 
Dodecahedron, having twelve faces equal pentagons (Fig. 60). 
Icotahedron, having twenty faces eqoilateral triangles (Fig. 
81). 

TrianguhiT prism, having three sides in the base (Fig. 82). 
Quadrangular prism, having four sides in the base (Fig. 88). 
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Truncated prima, the remainder of & priem which has bean 
cat obliquely (Fig. 84). 




Bg. 80. Fig. Bl. Fig aa. 

Hexagonal priirn, having aix aideB in the baae (Fig 85). 
2Wan;wIar pyramid, having three sides in the base and 
terminatbg in a point (Fig. 66). 




Fig 88. Fig SI 

Quadragular pyramid, having a qa&dtilateial for the b 
(Fig. 87). 




Fig. 88. Fig 87 Fig. sS 

Hexagonal pyramid, having a hexagon for the base (Fig. E 
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Cylinder, generated by the motion of a circle parallel to 
itself, and at right angles to its own plane (Fig, 89). 

Cone, having a circle for its base, and terminated by a 
point (Fig. 90). 

Inclined pyramid (Fig, 91). 



FiB.W- 




Inclined cylinder (Fig. 92). 

Sphere, the curve Bnrface of fvliicli is at all points equally 
distant from the centre (Fig. 98). 

Spheroid, or elongated sphere, something like an ellipse 
in its side elevation (Fig, 94). 




Degreu. — Angles are described as of so many degrees. 
It is nsoal to divide the circumference of a circle into 360 
eqnal parts, called degraea; these again are divided into 
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minntes, and the latter into seconds ; and known by the fol- 
lowing signs : — ^Degrees, ® ; minutes, ' ; seconds, ". 

The fourth of a circle, as shown in diagram (Fig. 95), is 
an angle of 90°. The lines a b and o d are at right angles, 
A B being perpendicular to c d. When the radii are thus at 
right angles, the sector is called a quadrant. 




Ffg.95. 



Fig.9e. 



Fig. 97. 



The eighth of a circle (Fig. 96) is an angle of 45°, as a b c, 
and it is also shown (Fig. 97) as the angles formed by a line 
drawn through to the opposite (but not adjacent) angles of a 
squajfe, and is called its diagonal, e, f, o, h, have each an 
angle of 45°. 

A little half- circular instru- 
ment, called a protractor (Fig. 
98) (referred to in Chapter IV.), 
is useful for setting off any re- 
quired angle, having the de- 
grees marked all round the edge, 
the centre, a, of the instrument, 
being placed on the point on 
base line to which the other line forming the angle is to 
be drawn. It is also usefdl for measuring the degrees of 
any angle. 

Another mode of drawing a line at any required angle to 
another line, is by using the scale of chords (and which will 
be found on most scales supplied with instruments). Let a b 




Fig. 08. 
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(Fig. 99) be the line. It is required to draw another line 

from the point a at an angle, 

say of 85°, to the line a h. 

From the point a, as a radius, 

take the distance always of 60° 

from the scale of chords, and 

describe the arc c d ; then 

take the distance 85° for the 

required angle from the scale of ^^^' ^' 

chords, and set it off from the point c on the arc c d, at «, 

and draw the line ae; eac will be the required angle. In 

measuring an angle the same process can be applied. 




\ 



To bisect (or divide into two /\^ 



equal parts) a given straight line f 

hy a line drawn perpendicular to 
it* Ai- 



t 
I 



\ 
\ 
\ 






I 
I 

J in 



/ 

D 






Let A B (Fig. 100) be the given \ 

straight line. 1. Set one foot of \ 

the compasses on the extremity a, 
as a centre ; and with any con- 
venient radius that is evidently ^* ^^' 
greater than half the line, describe the arc on; similarly 
from the point b, as a centre, describe another arc with the 
same radius, cutting the first one at the points o and d. 

2. Through the points of intersection o and d draw a 
straight line o e d, this line will divide the given line a b 
into two equal parts, a e, e b, at the point e, and will also 
be a perpendicular to the line. It is not necessary in prac- 
tice to draw the complete arcs. An experienced eye can 
readily anticipate the points of intersection of the arcs 
within small limits. Neither is it necessary to do more 
than apply a straight-edge to these points of intersection, 

* In presenting methods of performing geometrical operations^ the 
T-square, parallel rulers, &c., will, where applicable, assist consider- 
ably on many occasions in simplif}'ing the solution of the problems, 
and with an accuracy generally quite sufficient for practical purposes. 
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and tick the point e, unless, indeed, the perpendicokr itself 
be wanted, which is often the case. 

The same process serves for the bisection of a circular 
arc ; for, supposing a b to be the chord of the arc, the per- 
pendicular which bisects the chord will also bisect the are. 

To draw a perpendicular to a given straight line from a 
given point in that line, 

FntsT, When the point is near the middle of the line. 

^ , ,^ 1. Let A B, Fig. 101, be the 

yyF^ ^"^®» ^^^ ^ ^® point near the 

middle from which the perpen- 

dicnlar is to be drawn. On o 

\ as a centre, with any convenient 



jlj- 



i 



"3 ' radius, set off equal parts, cd 
^' *^ and c E, on the line a b. 

2. On D and e as centres, with a greater radius, de- 
scribe equal arcs intersecting at f, and, if wanted, on the 
other side of the line also. 

8. Draw the line f o — ^it wiU be a perpendicular to the 
line A B at the given point o. 

Second, When the point is at or near one extremity of 
the line. 

Yd 1* ^^^ ^^7 convenient point o, 

\ Fig. 102, obviously within the perpen- 

; dicular to be drawn from the given 

; point B, place one foot of compasses 

' on c, and extending the other to b, 



/ 



\z. 



J" 



/ 



/'•^X^ ^ describe a circle a b d cutting the 

iig.'iQs. line A Bat A. 

2. Set a straight-edge to the points a ^d o, and draw a 
line cutting the circle at d. 

8. Draw d b, which will be the perpendicular required. 

Another method : — 1. From the given point b set off on 
the given line a distance such as b a, equal to three of any 
units of measure, as 8 inches or 8 feet. 
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2. From b as a centre, with a radius of four of the same 
parts, describe an arc supposed to pass through d. 

8. From a as a centre, with a radius of five parts, 
describe an arc cutting the other arc at d. 

4. Draw d b for the perpendicular required. 

This last method of solving the problem can be easily 
applied on a large scale for laying down perpendiculars on 
the ground. The numbers 8, 4, and 5 are, it is to be ob- 
served, taken to measure respectively the base, the per- 
pendicular, and the h3^otenuse of the right-angled triangle 
A B D. Any multiples of these numbers may be used with 
equal propriety, when convenient ; as 6, 8, and 10, or 9, 12, 
and 15, whether inches, feet, or any other units of length. 

To draw a perpendicular to a given line from a given point 
without the line, 

FiBST, When the point is conveniently .near the middle of 
the line. 

1. Let AB, Fig. 103, be the 
line, and o the point without 
it. On as a centre, with a 
convenient radius, describe an 

arc cutting the line a b at the ^ ^rr :^ — 3 

points D E. 

2. On the points d e as cen- 
tres, and with equal radii, 
describe the arcs intersecting ^-''ii? . 
at p. ^- ^03. 

8. Set a straight-edge to the points c and f, and draw a 
straight line from o to the line a b. This will be the per- 
pendicular required. 

If there be no room below the line ab the intersec- 
tions F may be taken above, that is between the point 
c and the line. This mode is not, however, so good as 
the one already described, because it is not likely to be so 
exact. 
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/ 
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yJ^ 



Sboomd, When the point is near the end of the line. 

1. Let D, Fig. 104, be the given 
point, and ab the straight line. 
From D draw any straight line, d a, 
meeting a b at a. 

2. Bii^ect AD at 0, and on o as a 
centre, with oa as a radios, de- 
scribe an arc catting a b at b< 

8. Praw D B for the perpendicular 



f* 



/ 



\/ 



\ 

\ 
I 
I 

/ 

/ 

/ 

B 
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Fig. 104. 

required. 




To describe a square on a given straight line. 
1. Let A B, Fig. 105, be the straight line, or the base of the 

proposed square. Draw ao and bd 
perpendicular to the base, from its 
extremities, and make each of them 
equal to ab. 

2. Draw the line on; this will 
complete the square a b c d on the 
Kg. los. line AB. 

To draw a line parallel to a given line, 

FmsT, To draw the parallel at a given distance. 

1. Let AB, Fig. 106, be the given line. Open the legs of 

the compasses to the required 
distance, and from any two 

points and d (the farther apart 

A — 4 J — B the better) describe two circular 

Fig. 106. arcs on the side towards which 

the parallel is to be drawn. 

2. Apply a straight-edge tangentially to the arcs at e and f, 

>] and draw the straight line a h ; this 
; will be a parallel to the giveii line. 

; "*-. / Second, To draw the parallel 

•^■"J 2 — ® through a given point. 

Fig. 107. 1. Let 0, Fig. 107, be the point; 

from c draw any line c d to a b. 
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2. From c and d as centres, describe ares d e and o f. 

8. Make de equal to cf, and through the points ox draw 
the parallel g h. This is the line required. 

The methods of describing squares and rectangles Jilready 
given are also available for drawing parallels ; though they 
are not so generally ready of application as the foregoing. 

To divide a straight line into any number of equal parts. 
1. Let AB, Fig. 108, be the straight line, to be divided 



D - 




Fig. 106. 



into, say, five equal parts. Through the points a and b draw 
two parallels a o, b d, forming any convenient angle with a b. 

2. Take any convenient distance, and lay it off four times 
(one less than the number of parts required) along the lines 
a c and b d, from the points a and b respectively, and join 
the first on A to the fourth on b d, the second on a o to 
the third on b d, and so on. The lines so drawn will divide 
A b into the required number of equal parts. 

With the assistance c 
of the straight- edge 
and the set square this 
process may be con- 
siderably expedited. 
Thus, having drawn 
an oblique line g b. 
Fig. 109, firom the point 
B, lay off five equal 
parts on it; set the Fig. 109. 

edge of the square e, to the point a, and the fifth divi- 

d2 
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sion on ob; slide the square parallel to itself on the 
straight-edge ^, in the direction ad, and draw parallels 
from the points of division on ob to the line ab. The 
latter will thus he divided into five equal parts. 







Fig. 110. 



To construct an equilateral triangle. 

1. Let A B, Fig. 110, he the length of 
the side of the triangle. On a and b as 
centres, with radius a b describe arcs cut- 
ting each other at o. 

2. Join AC and bo; the triangle, a bo, 
thus formed is equilateral. 




To construct a triangle , having its three sides of given lengths, 

1. Let AB, Fig. Ill, equal the base of the triangle. 

On A as a centre, with a 

radius equal to one of the 
sides, describe an arc. 

2. On B as a centre, with 
a radius equal to the third 
^«- m- side, describe an arc cutting 

the former at c. 

8. Join A c and b o. The triangle is thus completed as 
required. 

To draw a straight line, so as 
to form any required angle with 
another straight line. 

1. Let b A 0, Fig. 112, be the 
given angle, and de the line 
upon which an equal angle is 
to be drawn at the point d. 

From the points a and d, 
with any convenient radius, 
describe arcs f a and h i. 

2. Set off the length of the arc fg, contained between 
the lines a b and a c, upon the arc h i, and draw d i. The 
angle e d i will be equal to the given angle bag. 




Fig. 112. 
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To bisect a given angle. 

1. Let BAG, Fig. 118, be tlie given angle. On a as a cen- 
tre describe an arc catting the 
sides of the angle at d and e. 

2. On D and e as centres, 
describe arcs catting each other 
at F. Through the point p draw 
the line ap, which will bisect 
the angle as required. 




Fig. 118. 



To find the centre of a circle, 

1. Let ABCD, Fig. 114, be 
a circle of which the centre is 
to be found. Draw and chord ao. 

2. Bisect the chord at e, and draw b d perpendicular to it, 
bounded both ways by the circumference. ' Then b d is a 
diameter. 





Fig. 115. 

8. Bisect B D at p ; this point will be the centre of the circle. 
Or the following method may be adopted ; and it is the 
more expeditious of the two : — 

1. From any point b, Fig. 115, in the circumference, with 
a radius not greater than that of the circle, describe a 
circular arc. 

2. From two other points, a and o, beyond this arc, one 
on each side, describe other arcs with the same radius, each 
cutting the first arc in two points. 

8. Through the two points of intersection thus found 
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draw straight lines, meeting' at the point o. This will be 
the centre of the circle. 

To describe a circle that shall pass through three given points 
Let ABO, Fig. 116, be the three given points. — 1. From 



\/ 





Kg. lie. 
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the points a, b, and o as centres, with the same isidinsy 
describe arcs intersecting each other at d e. 

2. Through the intersections of any two pairs of arcs (two 
pairs being sufficient) draw straight lines ; their intersection 
is the centre of a circle which will pass through the three 
given points. 

To draw a circle which shall touch the giv&n line A B, and 
also a given circle de, in p, Fig. 117. 

1. The centre of the required circle will be on o f 
produced. 

2. Draw a tangent to the given circle at p, meeting b a in 
T. Then the required circle will touch the two lines p t and 
A B. Bisect the angle at t by a line t q. Then the centre 
of the required circle will be on t q. But it is also on o p ; 
therefore it is at their intersection at q. 
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To draw a number of radial lines upon the circumference 
of a circlCj the centre being inaccessible. 

If the radii are to be at eqnal distances, set off the equal 
parts on the circumference, as a bo, &c., Fig. 118. 

On the points a bo, &c., as centres, 
with radii larger than a division, 
describe arcs cutting each other at 
b c, &c. Thus from a and o as centres 
describe arcs intersecting each other 
at b ; and so on. Draw the lines b 6, o c, &o., whi&h will be 
radial lines, as desired. 




Fig. 118. 



To describe a regular pentagon on a given line, 

1. Let AB, Fig. 119, be the given line, bisect ab at o, and 
draw c f perpendicular to a b. Set off on this line a length o d, 
equal to a b, the given side of the required pentagon. Draw 
a d, and produce it indefinitely ; make d e equal to half a b. 
From A as a centre, with the length a e as a radius, describe 
the arc e f, cutting o f in f. 

2. From a f and b as centres, with a b as a radius, describe 
arcs cutting each other in o and h. 





Fig. lao. 

8. Draw the lines ag, bh, fg, and fh. agfhb will be 
the pentagon required. 

To describe a hexagon (Fig. 120). 

Draw a circle, and with half its diameter, f e, in the com- 
passes divide the circumfereiice into six equal parts, and 
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complete the figure by drawing the Hoes between the divi- 
sional points, as shown in diagram. 

To describe a regular octagon in a given square. 

Let A B D, Fig. 121 , be the given square. Draw the diagonals 

A D and B c intersecting at e. Upon a b o d as centres, with 

a radios ec, describe the arcs leh, nek, geh, and fei. 

Join KG, HI, HN, and fl, which will complete the octagon. 

Or, let ABCD, Fig. 122, be the given square. Draw the 





Fig.lS& 

diagonals ad and bo, and from the point e, wh^e they 
intersect, as a centre, and with the radias eo, describe a 
circle, and where it cuts the diagonals at the points qpbs 
draw the lines hi and lf each parallel to the diagonal ad, 
and the lines h n and g k each parallel to the diagonal c b, 
which will complete the octagon. 

If a circle is given in which to inscribe a regular octagon, 
it may be done in the following manner : — 

1. Draw two diameters at right angles to each other. 

2. Bisect the four arcs thus obtained, and draw chords to 
each — ^which chords shall form the octagon required. 

To describe a duodecagon (Fig. 123). 
If a circle is given in which to inscribe the required 
figure, it may be done in the following manner : — 

1 . Draw two diameters, A b and o d, at right angles to 
*iber. 
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2. From the points a, b, c, and d, with half the diameter of 
the circle as radius, descrihe the arcs as shown. 

8. Draw straight lines between the intersectional points 
of the arcs, as d/, &c., which will complete the figure. 

To draw an ellipse. 

Having given the two axes, set off from c, Fig. 124, half 
the major axis at a and b, which are the two foci in the 
ellipse, take an endless string, as long as the three sides in 
the triangle o 6 c, fix two pins or nails in the foci, one in a 





and one in 6, lay the string round a and 6, stretch it with a 
pencil d, which will then describe the desired ellipse. 

A figure which is often sabstitnted for the ellipse for 
practical purposes, but is decidedly inferior to it in point of 
regularity and beauty of contour, may be drawn by means 
of circles in the following manner : — 

1. Let A B, Fig. 125, be a given transverse diameter; divide 
A B into three equal parts a o, 
ov, and vs. From o and 
v as centres, with oa or vb 
as a radius, describe the 
equal circles d v f and e o o, 
cutting each other in the 
points I and k. 

2. Draw the lines kod, ivg, pj 125. 
I o F, and K V E, cutting the circles in the points d e f and a. 

8. From i and k as centres, with kd or la as a radius, 

d8 
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describe the cnrvilineal tangents d e and f a, when the figure 
A D E B G F will be the ellipse required. 

A common method of drawing an oval figure is by placing 
a sheet of paper round a cylindrical object, and with the 
compasses describe the figure with the one radius at one 
operation from one centre. 

Or by drawing it, as in subjoined diagram, Fig. 126, the 
ends a b, c d, being divided into the same number of 




Fig. 186. 

equal parts as the long sides ae, hd^ which contain the 
larger equal divisions, and drawing tiie oval tangentially to 
the inner parts of the lines which are drawn between the 
several points.* 

Cycloid, — ^A cycloid may be defined by supposing it to be 
formed by the motion of any given point on the float-boards 




of a paddle-wheel running through the water (for finding the 
curve, see Chapter XIX.), or on the periphery of a cart-wheel 
rolling along a level road. Thus the circle ab, Fig. 127, may 

♦ There are variotis methods of describing snch curves geometrically 
and mechanically. The reader is referred to works on the subject. 
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be sapposed to represent a cart-wheel rolling in the direction 
ABA, and A to be the given point in its periphery. Under 
these conditions the track of ihe point a during one revolu- 
tion will be indicated by the curve line aoaoa, which is 
termed the cycloidal curve. 

Epycychid. — ^An epicycloid differs from the cycloid in 
this, that it is generated by a point in one circle rolling upon 
the circumference of another, instead of a level surface 
(Fig. 128). 




Fig. 128. 

Catenary curve. — A curve assumed by a chain or cord ot 
uniform substance and texture, when it is hung upon two 
points of suspension (whether those points be in a horizontal 
plane or not), and left to adjust itself 
in equilibrio in a vertical plane. 

Sections, — If any object be cut 
through in any part, either of the two 
surfaces thus produced is called a sec- 
tion. If a cylinder be cut through 
the middle lengthwise, the section is 
a rectangle. If it be cut through 
parallel to its ends, the section will be 
a circle. If, instead of cutting the cylinder parallel to its 
ends, it be cut obliquely, as at bo, Fig. 129, the section will 
be an ellipse, as shown at a. 





Fig. 129. 
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To describe the ellipse produced by cutting a cylinder 
obliquely. 

Let Ay Fig. 180, be the elevation of the cylinder, 

and cd the angle at which it is 
cnt. Draw a half-plan b, of 
cylinder, divide b by any number 
of vertical lines from efghi, and 
produce them to meet the line c d, 
and through the points m, a, &c., 
where the vertical lines intersect 
it, draw the lines Zn, bp, &c., at 
right angles to cd, and on each 
of these lines set off the points 
abj ap, each equal to ^ A on half- 
plan, and m I and m n each equal 
to /o or A r in half-plan b, and so 
on with the remaining breadths 
from plan. A curve line passing 
Rg. 180. through the points thus found will 

be the form of curve or ellipse at the section cd oi 
cylinder as required. 

A conic section is the section obtained when a plane cuts 
a cone. Conic sections are of five different kinds, namely : — 

1. Triangle, when the plane cuts the 
cone through its axis. 

2. Circle, when the plane cuts the 
cone at right angles to its axis, as at 
a 6, Fig. 181. 

8. Ellipse, when the plane cuts the 
cone obliquely, passing through the two 
sides, as at c d, 

4. Parabola, when the plane cuts the 
cone parallel to one side, as at ef. 
6. Hyperbola, when the plane cuts 
the cone so as neither to meet nor be parallel to the opposite 
side, afi at g h. 
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To desert the curves in cone section*. 

Of a parabola, or section parallel to one side of cone : — Xiet 
A, Fig.lSSfbetheconeand ie the section parallel to/6, a front 
-view of wliich is required. Draw a centre line n' o, parallel to 
d e, out the cone by the divisional linea ghik parallel to the 
base b e, draw a half-plan of cone b, and with radii eanal to/ 




Tig.isi. 
balf-diBmeter of the cone at each of the honzontal secliona 
ghik describe the correspond ing circles in plans. From 
the points m, n, &e,, in the horizontal lines k, i, &c., where 
the sectional line s d jntersecte them, draw the linea mq, 
np, &c,, at right angles to ed; and from the points m, n, 
&o., on sectional lines, draw vertical lines r to the plan, cat- 
ting their respective circles. Through centre of plan b Sx"— 
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the horizontal centre tine >(, correspODding to centra line 
o n', on which the cnrve points are to be laid off; take the 
distance lu &om plan b and set it off eqnally on each aide of 
centre line n' o — at y and e — this will represent the breadth 
on the base line of figure ; then transfer the distance v x 
from plan eqnally to each side of the centre line oti at a 
and w, and so on, transferring each distance on plan to each 
side of the centre line n' o, on their respective lines. A curve 
line passing throogh the points will give the form of cnrve 
reqtiired. To find the form of curve in the same section e d, 
when observed from points at right angles to axis of cone, 
draw the vertical lines 1, 2, 8, 4, &c., at right angles to 
centre line a ( of plan fi, and at equal distances to gliik in 
cone A, and from each of the points in the circles in the plan 




Fig.lSS. 

where the vertical lines r cut them, draw the horizontal 
lines 5, 6, 7, 8, &c., cutting their respective vertical lines 
1) 2, 8, 4, &c. A carve line passing through the intersen- 
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tional points will give the carve required ; a curve line paas- 
ing tbrongh tbe points in the ciroles in the plan where the 
vertical lines r ant them, will also give a plan of the para- 
bola at the sectional line de. 

In deecribing the curve of a hyperbola, or section of a 
cone already referred to, the same process is gone through 
aa in the last example. Let a, Fig. 188, be the cone, and a b 
the sectional line. Draw a half plan b, and sectional line 
ej ; draw a vertical centre line I m, on each side of which 
the carve is to be set off from the intersections in the plan 
B ; make c d and ^ h each eqnal to «/ and t ft in the plan b, 
fuid so on, transferring the half-breadths from the plan b 
to each side of the centre line Im equally from it on their 
respective lines. A curve line passing through the points 
will give the form of hyperbola as required. Or, piodace the 
horizontal centre line n of plan b to o, and draw the vertical 
lines 1, 2, 3, &e., oonesponding to the horizontal lines on 
side view of cone a ; and from the 
points in the circleH in plan b, where 
the sectional line */ intersects them, 
draw the horizontal lines 3! to the re- 
spective vertical lines 1, 2, 8, &o. 
A cnive line passing through the 
interseotional points will be obvlonsly 
the same as that set off at the hne I m 

In desoribing the carve of an 
ellipse, or the oblique section 
of a cone, the same operation is 
performed for finding the curve 
points as in the previous examples, a. 
Fig. 184, being the cone, b the plan, 
and e d the obliqne line of section, | 
through which the horizontal lines .X 
1, 2, 8, &o., are drawn, and to /(_ 




which the diameters of the circles ng. isi. 

in the plan correspond, as shown ; the vertical lines «, 
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&0., from the pointa in cone a, where the section e d cuts 
the horizoatal Hues 1,2, 8, &c., &re produced to the plao, 
and intersect the respective oirolea ; the half-breadtha at the 
intersections are transferred to each side of the line of section 
e d, on the lines which ere at right angles to it. A cnrve line 
passing through the points will give the form of ellipse as 
required ;* a carve line passing through the corresponding 
points is plan, where the vertical lines intersect the circles, 
will give the plan of the eUipse. 

Envelopes, ok Covbbiko of Solids. — To find ths envelope 
for a given cone. 

Let ABO, Fig. 186, be a cone whose diameter is bo, and 
slant side b a ; it is required to find the envelope. 




From A as a centre, with the radius a o, describe a circle 
ODE, make oe eqnal in length to the circumference of the 
base of the cone and join a e ; the figure a o e will be the 
envelope. 

* It iiiB.y be ceceBBBry here to remuk, that tiiongh tlie npper part 
of tlie Mctioa intenecta the cone at a. much lesa dianiater in its- leaj^ 
than at the lower part of the aection, norortlieless each half of the 
' 'Dse from the middle of its leiig:Qi is identical. 
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To find the envelope of a given f rostrum of a cone. 
Let F G B 0, Fig. 186, be the frnstrnm of a cone whose base 
is B 0, it is required to find the envelope. 

Produce b f c a until they meet at the point a ; from a as 




a centre, and with the distance a a as a radins, describe the 
circle o h ; and from a as a centre with radius a o, describe 
the circle o e ; make c e equal to the circumference of the 
base of cone and join a e ; the figure o o h e will be the 
envelope required. 

The length of o e may be found approximately by describ- 
ing a semicircle b x c and dividing it into minute equal part^, 
and making the length c e equal to twice the number of such 
minute divisions, as in b e o. 

To find the envelope for a cylinder having one of the ends 
cut off at an angle to its sides. 

Let ADBO, Fig. 187) be the given cylinder, having one of 
its ends ad at an angle to its sides ; it is required to find the 
envelope. 

Upon the base b o draw a semicircle, which divide into 
any number of equal parts (the more parts the better), as at 
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1, 2, 8, &e., throngh these points draw the lines 1, 1 ; 2, 2 ; 
3, 8, &c., parallel to the side a b of the cylinder ; then mark 
off as in the right-hand diagram, the line hie eqnal to the 
circmnference of the base of the cylinder; or, otherwise, 
equal to twice the semicircle drawn on b o. Upon hie set 
off on each side of i the same number of equal divisions as 




it 



in the semicircle bo, and draw lines as if, 1, 1'; 2, 2'; 8, 8'; 
&c., perpendicular to h i k. Make i f equal in length to b a, 
and H e and e a each equal to c n, also each of the perpen- 
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dicolais eqfoal to the lines in left-hand diagram, having the 
same figoiesy 1» 2, 8, &c. ; a line drawn throngh these points 
will be the form of the required curve for one side of the 
envelope, the whole of which is contained in the figure 

H E F O «•• _ 

lb ca^er a dotnd ka^iny thejoinls in teriical 
planet^ supposing the axial section giten^ and 
also the breadth of the base of the entelope. 

Let ABC, Fig. 188, be the axial section, 
and k/ the base of the envelope; the 
length c B is made equal to the curve a b o, 
and divided into the same number of equal 





Fig. 188. 

parts; join/ A, and through the points of division, 1, 2, 8, 
draw lines parallel to the base a A, then the lines intersected 
between the a3ds c h and/ h will be the half-breadth of the 
envelope at the corresponding divisions on o b, through which 
points draw the curve /e and kb, which will give the form 
of envelope required as b k/.| 

* The foregoing is useful, practically, for making the elbows of 
pipes of sheet metal, saving much time and trouble, and avoiding 
waste of material. 

*** Much the same process is used in the formation of the spherical 
ends of round boilers, allowance being made for a greater diameter at 
one side than the other for overlap of plate for riveting. 

Geometry, as applied to drawing ordinary engineering details, will 
be found in Chapter X I T T. 
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CHAPTER Xn. 

DBAWING FBOM A OOPT. 

Copies to be drawn from shonld either be drawn by hand, or 
engravings or lithographs, but not wood-cats, as their lines 
are never so fine, or their shadows as distinct. A beginner 
especially should never use wood-cuts to copy from, unless 
they are very plain indeed. 

If there are several copies of the engraving or lithograph 
from which a drawing is to be made, the same copy should 
' always be used, as rarely any two impressions of the same 
plate are exactly of the same length and breadth, on account 
of the inequality of the moisture, and consequent unequal 
expansion of the different sheets when printed. 

In drawing, time is not so much an object as correctness, 
though in actual business, the quicker a plain drawing is 
made the better, if correct. 

Before drawing from the copy (original), a cutting-off line 
should be drawn all round the stretched sheet a little way 
inwards from the part adhering to the board ; in a large 
sheet it should be at least one inch inwards from the outer 
edge of the paper, so as to be quite clear of the gum joint.* 

Nothing detracts so much from the look of a good dravsdng 
as a too small margin. A drawing occup3mig a space of 1 
foot or 15 inches square over all, should have at least a 
clear margin of 5 inches equally all round, with the border 
line from 1| to 2 inches from cut-off edge of paper; and 
other sizes in proportion. 

By measuring, the middle of the sheet each way should 
be found ; the centres also of all the views to be drawn 
should be put in from the copy.f Supposing there are to 

* The space thns marked off is also useful upon which to try the 
drawiog-pen before drawing a line when inkiDg-in a drawing, or for 
trying the tint when colounng (when the diawing is not covered over 
in the manner described in a previous chapter). 

t For a beginner, the drawing to be made shoiQd be of the same 
•76 as the copy (or original). 
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be three elevational views and a plan. It is usual in a pro- 
perly got up enginering di'awing to place the plan above the 
side elevation, and central on the paper if possible. End 
elevations, or sections, should be to the right and left of the 
principal elevation. 

In copying from a tracing it is essential to put a sheet of 
drawing paper underneath the tracing ; it not only shows the 
lines to more advantage, but prevents the compasses tearing 
it while taking off measurements. 

All measurements should be taken in the exact direction 
of the distance to be measured, or an obviously incorrect 
distance will be the result. The same rule applies when 
transferring the distance to the drawing about to be made. 

In taking a measurement from the copy, it is better to 
first open the compasses and then close them to the dis- 
tance, than to place the leg point on one extreme of the 
distance, and then open them to th,e other ; the right hand 
holding the compasses resting on the c6py and also on the 
paper while transferring it. In making the mark, the com- 
pass point should never be pushed into the paper, a slighi 
mark being all that is necessary ; a fine pointed pencil will 
rej^der the mark more visible if required. 

From the centre of the copy the distance of the base line 
of the elevations should be found by foot rule or slip of 
paper, transferring the same to the sheet to be drawn upon, 
and draw the base line, holding the pencil as directed in 
Chapter X., and not pressing too heavily, or superfluous lines 
will be difficult to rub out; and the fine point apt to break. 
Take, by the same process, the distances from centre of 
copy to the centres, right and left, of the several views, 
transferring them to the sheet, and drawing in these respec- 
tive centre lines of the views required to be drawn. Find 
the distances from base line to all the principal working 
centres, and transfer them to the sheet, as well as their 
positions laterally; and then general distances, and fill 
up between with the details, making it a rule to put in 
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centre lines for any objects which are to have both sides 
eqnally distant from it. Recourse must be had to light 
pencil centre lines on the drawing to be copied from, where 
necessary, to measure from. Pencil lines should exceed 
the proper length a good deal, so as to see where to ter- 
minate other lines meeting them. In making a wrong 
pencil line among finished pencil details it is better only to 
scroll it out with the pencil than to rub it out with the 
India-rubber, which is apt to obliterate more than is 
wished. 

The centre lines in all cases, in machinery drawing espe- 
cially, must be correctly placed, as, in making a real machine 
from a working drawing its correct working depends on that. 
When an object has both sides alike the half of the whole 
diameter, or breadth, should be taken from the centre line in 
copy, observing also that the same distance agrees with the 
other half from centre line before transferring it, thus proving 
it correct for such whole breadth. With the correct half of 
diameter the distance is then transferred to each side of cor- 
responding centre line on sheet to be drawn upon. When 
drawing by artificial light, measurements can be taken with 
the fine point of the pencil of the compasses, which i^rill 
show a mark when transferring a size to the paper, though 
this instrument should not be used if a mark from the com- 
passes can be seen at all. 

In drawing circular details, a little temporary pencil 
mark, as shown at a, Fig. 139, should be put around the 

centre of a circle while the eye rests 
on it, and arcs of circles which are 
united, having different radii, should 
have a temporary pencil line drawn 
^- ^^^' from each centre to its respective 

arc, as shown B,i b c and df so that when about to ink in the 
drawing, centres of the required circles can be readily found. 
In drawing large pencil circles with the large compasses, 
and more especially with a lengthening bar attached, the 
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pencil end sbonld never be touched while drawing the circle, 
the compasses being held by the top only.* 

In copying a plain drawing in a hurry, it saves much time 
to place the copy at the right hand side of the sheet, fair and 
square to the board, and held by weights or pins at the cor- 
ners. With the T-square placed at the horizontal lines of the 
copy, corresponding lines can be drawn on the new sheet. 
Having done these, the copy can then be placed at the top 
of the sheet, and the vertical lines or breadths similarly 
drawn in with the T-square. Of course this method cannot 
be so well relied on ; for, should the copy be a little in- 
correct, there is not the advantage of finding the exact 
measurement on each side of a centre of a whole breadth, 
neither is it good practice for a beginner, who has to learn 
to take correct measurements. When only one view of a 
steam-engine has to be made from a drawing where two or 
three views are shown, the side elevation (or the view 
showing the crank breadth) is the most likely to explain on 
what principle it is constructed. The side elevation of most ' 
machinery other than the steam-engine, would generally 
give the best idea of the construction, when only one view 
is to be shown. 

In a drawing having a front and side elevation and plan, 
the former two should agree in all points in the several 
heights, and the breadths of the plan should agree in all 
points with the front elevation above which it is placed ; 
and in making such drawings one measurement should be 
sufficient for a height for either a front or side view, or a 
breadth in side view and plan, the T-square being used to 
draw the respective height across for the two former, and 
placed vertically for the breadths of the two latter. 

If two views are to be shown of the same machine, with 

* If a oirole has to be made larger than the ordinary lengthening bar 
will admit of, and to save the expense of beam compasses, already 
referred to in Chapter IV., a piece of flat wood may be tied securelv 
to the compasses, having the ordinary pencil foot at the other end, 
and at the proper distance. 
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the working parts in a different position, having once got 
the centre lines in each view, one measurement by com- 
passes should be applied to the corresponding part in each 
of such views, and thus save time by not doing the same 
thing twice over. 

In making a fnll-sized copy of any irregolar figure, it is 
sometimes the practice to lay the copy over a blank sheet 
and to prick it through with a fine needle * fastened in top 
end of pencil, or with the pricker generally attached to 
drawing-pen handles. This, however, is not so good as 
tracing the figure from the copy, then turning the tracing 
over, and retracing on the back of the figure first traced; 
lastly, laying the tracing in proper position on the drawing 
paper and going over the figure with a hard pencil, there 
will be left a sufficiently distinct line to ink in by. 

The method of tracing is also useful in making an irre- 
gular figure, or combination of curves, when the same figure 
is to be shown on each side of a centre line. Having traced 
the figure on one side of the centre line by the pencil, draw 
a centre line also on it, and transfer the tracing to the sheet 
on which it is to be drawn — ^having also its centre line, vdth 
which the line on tracing must correspond — and proceed as 
before explained. In measuring an irregular figure from a 
copy, such as is shown in subjoined diagram. Fig. 140, draw 




Fig. 140. 

a line a b, and divide the line by any number of divisional 
lines across and square to a b; make similar lines on the part 
of sheet on which the figure is to be drawn ; then measure 
from the line a 6 to edge where the cross lines intersect, 

* Pricking through is generally resorted to by shipbuilders in 
making a copy of a drawing, but if frequently performed from the 
same original, the latter becomes so full of little holes as to destroy the 
drawing. 
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which will give all the points through which the curve is to 
pass. In a regular curve, the line can be drawn with a 
baton and weights, as shown at JFig. 141, or by the moulds 
described in Chapter IV. 
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Fig. 141. 

In measuring lines from a copy when they are not con- 
tinuous, as shown at a. Fig. 142, draw a pencil line to b, in 
direction f am copy, and from a to c in direction a e. The 
measurement can then be taken from a given point, or 
centre line, d, in base line to c, and also from d to h. Pro- 
ducing/ a to 6, mark ofif the length h a, join a c; then mark 
off the length c e^ and if ^ ^ is parallel to a by take the 
parallel mlers, holding the bar of rulers next to you firm 
with the left hand, and set the edge of the other bar to a b, 
move back to ^ ^ by the right hand, and draw the line. 
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. Fig. 142. 

In drawing such objects as the side view of an oscillating 
cylinder, or anything similar, and inclined, a perpendicular 
should be raised for one line square to the centre line of the 
object, and any other lines which require to be so, made 
parallel to it. 

In drawing the sides of any " barrelled ** rod, those which 
are thicker at the centre thaai at the ends, such as connecting 
rods, the ends or necks af and edj Fig. 148, and the diameter 

E 
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at the middle, b e, are first marked off, and if a circle, and 
not too large for the compasses, the radius is found as 
already described in the last Chapter (XI.). Bat if too large, 
reconrse must be had to a mould, being the segment of a 
circle large enough. If not a part of a circle, probably a 
parabolic mould for one half of the length (being a varying 
curve) would suit ; and if so, the form must be drawn only 
as far as a 6, a mark being put on edge of mould at the 
centre line h (which is always better than at the extremes, 
as at a or e), and the mould then turned over and the mark 
on edge of mould being made to coincide with centre at 5, 
the other half, b e, can be drawn, making the two ends of 
the curve equal. The process is performed again for/c and 
c d. A stiff baton and weights, as described in Chapter lY., 
might do very well, marking more diameters in the length 
of the object. 

Beducing ob Enlabgino a Drawing from a Copy. — 
To make a drawing half the size* of copy, the half of 
everything should t>e taken, keeping to the same rule in 
regard to drawing in base line, centre lines, and general 
heights as has been already described. If a drawing is to 
be made twice the size of copy, whole diameters, &c., are 
taken and transferred on each side of the several centre 
lines, doubling the heights, &c. Proportional compasses 
(reference to which will be found in Chapter IV.) are gene- 
rally used for such purposes. 

When reducing by scales, it is not essential to use the 
same scale as that to which the original is made : for in- 
stance, if a drawing is to be made half the size of another 
drawing whose scale is 1 inch to 1 foot, instead of applying 
an inch scale to the original drawing, and using a half-inch 
scale for reduced copy, any scale may be applied to the 
original, the reduced drawing being made to another scale 
in the proportion of 1 to 2 to the greater. 

* Which means half the scale of copy, therefore covering only a 
quarter of the area. 
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The same remarks apply to drawings to be made to a 
larger scale * than an original, proportion between the two 
scales being all that is required. When a drawing is to be 
enlarged to more than double, or less than half the size of 
the original, and if a scale or proportional compasses are 
not used for the purpose, it is better to take whole sizes 
from the original, and transfer such measurements to the 
margin of the sheet to be drawn upon, from which the 
desired proportion can be taken, as dividing by trial and 
error on a good drawing destroys its appearance by the 
numerous marks made by the compasses. 

Before going into the process of inking-in a drawing, 
which will be treated of in Chapter XIY., preparation for 
drawing from a model or from large machinery, such as a 
steam-engine, requires some further instruction than in 
simply describing the making of a drawing from a copy. 



CHAPTER Xm. 

DRAWING FROM MODELS AND LARGE MAOHINERT. 

In drawing from a model, it is seldom necessary to make 
any sketch for marking the sizes on previously, a narrow 
strip of wood for taking off the heights, &c., compasses, 
external and internal calibers, being sufficient to transfer, as 
it were, the model to the paper. 

In taking the measurements from a large engine or 
machinery to be drawn to a scale, more appliances are 
requisite ; though in drawing to a scale we proceed much in 
the same way as in drawing from a copy, as regards all the 
centre-line work, .&c. If a model is to be drawn to the 

* If twice the scale of the original, it would be equal to four times 
the area. 
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same size, there is nearly as mnch merit in doing that well 
as when a greater or less size is wanted, correctness in 
either case being the principal thing. For large machinery- 
it is necessary to be able to sketch well by hand, and this 
requires practice. Paper ruled down and across is fre- 
quently used — ^heavy lines showing feet, and light lines 
inches.* By rough measurements, a view can be sketched 
on the ruled paper bearing nearly the proper proportions of 
the parts, and on which the right dimensions are marked 
accurately after measuring more correctly. But the more 
common way is to make the sketches in a book having no 
ruled lines. The larger paged such book is, the better ; and 
if less than half an inch thick it cannot comfortably be held 
flat for the operation. The following also are requisites : — 
a two-foot rule with slide, to go into narrow apertures, a 
Btraight-edge, a steel draw-point, a large workshop square, 
external and internal calibers, an ordinary pencil, and a tape 
line. In most cases an assistant is necessary ; in others, a 
tape line with a hook (instead of a ring) will be found con- 
venient ; a light straight-edge, 10 feet long or so, with feet 
and inches marked on the side at edge, will also be found 
useful. 

As it is necessary to have the entire arrangement of the 
machine before you when commencing to make your draw- 
ing to a scale, a complete sketch of side elevation or view to 
be drawn is to be made in the sketch-book. On this the 
principal lengths and heights over all are marked, and 
heights of working centres from a level line, such as the 
lower edge of bottom plate, if an engine, or bed plate of any 
machine ; and, having found the centre of the machine, all 
the distances right and left from that centre to the working 
centres in feet and inches should be marked. In marking 
feet and inches, one tick above feet indicates feet, and two 
tinks above inches will indicate inches. The distances 

♦ Price 1«. per aheet. 
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between two extremes are shown as in diagram, Fig. 144. 
If inches only have to be 
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Fig. 144 



marked, a cipher and one 
tick placed above it should 
be put for no feet, and if ^^^ 
feet and no inches are to be 
marked, a cipher and two ticks placed above it should 
be put for no inches. By observing this rule a deal of 
trouble will be saved; otherwise, when laying down the 
drawing to a scale from the sketch sizes, it is sometimes 
impossible to tell when only inches are intended ; and, with 
the tick or ticks absent, whether such figure is for inches 
only, or for both feet and inches ; for instance, 18, in- 
tended to be inches, may be taken for 1 foot three inches. 

Having sketched in such difierent views in the manner 
described, with the general distances and dimensions, the 
different parts must then be sketched in detail, large enough 
to mark the particular sizes upon, and this on a fresh page 
of sketch book, placing all the different views of the one 
object together, as is represented in diagram. Fig. 145, show- 




I 






: i 


n 






"J^-""^ 

1 


• 

1 

i 


1 
1 






fr 





Fig. 145. 

ing a common engine link, — the upper being the face, and 
the lower the side views. The distance between the centres 
a and 6, if the eyes are of the same diameter, can be easily 
found, by measuring from the inner part of the dianpieter of 
one to the outer part of the diameter of the other, as at c cf • 
if both ends are alike, of course it will only be necessary to 



78 DRAWING FROM MODELS 

maxk the sizes once, though all the sizes may be distributed 
in both ends and marked so in sketch. In taking diameters 
with the calibers, they should just touch, and never be 
pressed on, or they would give the size inaccurately, in 
consequence of their springing again inwards when removed 
from the object. 

In drawing an object like that described to a scale, the 
centre lines in the long direction should be first drawn, then 
the centre lines across at each eye, and &om these centres 
the other lengths follow as measured. In a full-sized 
working drawing on paper, the centre lines should be put in 
in red ink, and iron and brass sections by their respective 
colours. In sketching circles from 2 to 6 inches diameter, 
a very round one can be made by holding the pencil in the 
same way as in writing, and placing the little finger in 
position as a compass-leg and turning the paper round upon 
a smooth surface by the left hand and holding the pencil 
steadily with the right. 

In measuring toothed wheels, the diameter is taken at the 
pitch line, as shown at a d, Fig. 146, which coincides with the 
line of contact of teeth when geared. The pitch of teeth, or 
distance from the centre of one tooth to the centre of tooth 
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Fig. 140. Fig. 147. 

adjoining, as at b c, is also measured on the pitch line. For 
form and proportion of teeth see further on. 

In measuring inconvenient objects and distances, as, for 
instance, between two columns a and b (Fig 147), take tv;o 
pieces of convenient material, or straight-edges, c and e, 
which, for obvious reasons, must be of greater length than 
half the distance between the columns ; place the one above 
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the other, as shown in diagram, and their extremities in 
contact with the colnmns, and either measuring the distance 
on the straight-edges while so held, or hy patting a mark 
with the draw-point or pencil at the end of npper straight- 
edge e at «, they can then he taken down and the length 
measured ; and adding half a diameter of each column for the 
distance from centre to centre, if such measuremenj; is re- 
quired, or if the columns are of the same diameter, add one 
diameter only. If the columns are tapered, care must he taken 
to mark the exact place on the columns where the distance 
was taken, so as to take the diameters ait the same place. 

The subjoined diagram. Fig. 148, shows another way of 
measuring objects similar to that which has just been described, 
though in this case some assistQJice is reqidred. By placing a 
long parallel straight-edge against the two columns, and with 







Fig. 148. 

a square placed in the positions as shown, and by making a 
mark on straight-edge at a and 6, if the columns are of the 
same diameter, this one measurement will give the distance 
from centre to centre. 

In taking the outside diameter of a large round object, 
such as a cylinder five or six feet diameter, when it cannot be 
measured across at either end conveniently, the easiest way 
is to place straight-edges, one on each opposite side of the 
cylinder, and so held as to be firm enough to measure the 
distance between the straight-edges by another straight-edge 
at their extremes. If the distance between is the same at 
each end, that will give the outside diameter. This is more 
in reference to a cylinder placed vertically. If lying hori- 
zontally, and the ends, from their surroundings, cannot be 
conveniently got at, a stout straight-edge should be set 
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firmly across the top side and propped np below to keep it 
quite level, which it mnst be ; a plnmmet can then be held 
against the straight-edge and one side of the cylinder, and 
the place of the string marked on the straight-edge ; by 
repeating this process for the opposite side of cylinder, 
the distance between such marks will be the outside dia- 
m€ter^ If a cylinder has a square flange at top or bottom 
it generally facilitates the measurement of the diameter, as 
the length of the sides is easily taken, and the distance 
measured &om them to outer diameter of cylinder. 

In measuring any irregular figure, as in the subjoined 
diagram, Fig. 149, place a straight-edge in a convenient posi- 
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Fig. 149. 

tion, and hold firmly by weights on the object, then mark 
off any number of divisions along the edge c d (the distances 
between which should be marked on the sketch in note- 
book), the lines a from divisions being drawn with a square 
by chalk or a draw-point ; having completed these lines all 
along the length of object, the breadths can be measured 
on these lines from the straight-edge to the side of the 
object, and each marked on its corresponding divisional 
line in sketch. Having drawn a line at c ^ the straight- 
edge can then be removed, and the lines a produced across 
to the side b of the object, and the breadths measured on 
that side from the line c d to the edge. 

It is hardly necessary to add, that the first thing to be 
done in making the drawing of such object to a scale is 
to draw the straight line c d, with the divisional lines 
following. 
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In taking the size of a six-sided nut of which a drawing is 

to be made, the measurement should be y v 

taken across its greatest diameter, as at a, / \ 
Fig. 150. /- a,- -\ 

Longitudinal jectional elevations (or ob- \ / 

jects cut through lengthways vertically), \ / 

longitudinal sectional plans (or objects Fig. 150, 

cut through lengthways horizontally), and transverse sec- 
tions (or objects cut through across vertically), are neces- 
sary drawings at all times, and to get measurements from 
the actual engine to make such drawings is often an impossi- 
bility, however essential it is to show internal arrange- 
ments, often made in the casting of a piece of machinery 
and never seen again unless broken up. There is often no 
other way of showing the thickness of material than a section. 
If the object in question is in process of construction in the 
factory the only resort for what is required lor the purpose 
is the large original working drawings which show the 
structure of the interior parts. 

In drawings of machinery it is usual to place the plan 
above the side elevation and central on the paper if possible. 
End elevations or sections should be to the right and left of 
the principal elevation, and adjoining the end of the eleva- 
tion which they severally represent. 

When only one view of a steam-engine has to be made, 
the side elevation (or the view showing the crank breadth) 
is the most likely to explain on what principle it is con- 
structed. The side elevation of most machinery, other than 
the steam-engine, would generally give the best idea of the 
construction, when only one view is to be shown. 

If two views are to be shown of the same machine, with 
the working parts in a different position, having once got the 
centre lines in each view, one measurement by compasses 
should be applied to the corresponding part in each of such 
views, and thus save time by not doing the same thing twice 
over. 

e8 
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plain engineering drawing should be one fine straight line 
divided into the required number of feet, leaving the inches 
clear of the first foot and shown to the left, thus : — 

1296:<0 1 2 3 4 S 

11 iiiiiiiliil ! I I ! I 

Scale, 5i i7ich==lfoot. 

Tig. 152. 

The inch divisions at 8, 6, and 9, should project up a little 
beyond the intervening inches, as it facilitates taking a 
measurement in inches. 

It is better to say how much the scale is to the foot, 
underneath it, when it is to any known part of a foot, which 
it is better to be, as the foot rule can be applied to any part 
of the drawing of greater length than the scale attached to it. 

In taking a measurement by the compasses from the scale, 
they should be opened sufficiently wide, so that when one 
leg point is put on the division for feet the opposite leg is 
closed to the inches; this being more convenient than 
opening them to the exact divisions of the scale. (See 
Scales, Chapter V.) 

To find the centre line of cylinder and fly-wheel shaft in a 
beam engine. 

Let the horizontal line cec, Fig. 163, be the centre 
line of beam or lever when at half stroke — and e the 
centre. With the half length of beam e c, and from « as a 
centre, describe the radius /c^f at each end, as shown ; set 
off the extremities of the stroke or vibration of beam at 
/ and g, a half on each side of centre line ce c, and join/^ 
by a vertical line, intersecting the horizontal line ce c oi i; 
bisect ci at d, and through the point d draw the vertical 
line d A;, which will be the centre lines of cylinder and crank 
shaft.* To find the position of crank at half stroke. — ^With 
half stroke (or distance if) as a radius, and on the line d k, 

* The centre of shaft is sometimes placed vertically from the end e 
of lever. 
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from Z as a centre, describe the circle n — indicating the path 
of crank. The length of the connecting rod is taken from 
the point c to the centre of shaft L With the radius o I 
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Fig. 153. 

describe the arc I m, cutting the circle n at m, and join I m 
by a straight line, which will be centre line of crank at either 
side of the shaft, when the lever is at half stroke. 

In condensing engines the centre of air-pump is found by 
describing an arc from « as a centre, through the given 
centre for working the pump, on lever between e and c, in 
the same manner as for the cylinder centre line. In marine 
side-lever engines the annexed diagram applies equally, the 
lever being placed below the crank being the only difference. 
The position of the crank of an oscillating, or of any de- 
scription of connecting rod engine at half stroke is the same. 

The civil architecture most frequently adopted in frame- 
work and columns for engineering purposes are the Tuscan, 
Grecian, and Roman Doric orders.* 

Regular mouldings are eight in number, and are named — 

♦ For examples of which, with their proportions, see Appendix, Part I. 
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the Fillet, or Band, the Torns, the Astragal, or Bead, the 
Ovolo, the Cavetto, the Cyma-recta, the Cyma-reversa, or 
Talon, and the Scotia. 
The Fillet, a. Fig. 154, is the smallest rectangular member 
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Fig. 154. 



Fig. 155. 



in any composition of monldings. When it stands upon a 
fiat surface its projection from the surface is generally made 
equal to its heigh^ It is frequently employed to separate 
other members. 



To describe the Torus, Fig. 155, let ab be the vertical 
diameter from which the Torus projects ; bisect ab m c ; 
from c, with the radius caorcby describe the semicircle bda, 
which will be the profile of the Torus. This is surmounted 
by a fillet b e, and being of a rope -like shape (like the 
Astragal) is intended to bind and strengthen the parts to 
which it is applied. 

The Astragal is described in the same way as the Torus, 
the only distinction between them being that, when employed 
in the same order, the Astragal is smaller than the Torus. 
The latter is generally employed in the bases of columns, 
the Astragal both in bases and capitals. 

The Roman Ovolo consists of a quadrant or a less portion 
of a circle, and is described at a. Fig. 156, the height and 
projection being given. First, let the height be equal to the 
projection, draw ab equal to the height, and be At right 
angles with, and equal to, a by for the projection. The 
quadrant a c described from the centre h, with a radius b a, 
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or b e, is the oontonr of the Ovola. But when the projection 
is less than the height, as in b, draw a h and 3 c as before, 
at right angles, a h being the height, and h c the projection. 
From the point a draw an arc of a circle h d, with the radins 











Fig. 156. 

ab, and from the point c, with the same radius, describe 
another^ arc, catting the former arc* at d; the point d is the 
centre from which the Ovolo is to be described, with the 
radius da or dc. 

The Greek Ovolo, Fig. 167, unlike the Roman Ovolo, 
cannot be described by means of circular arcs, but must be 
described by finding a 
number of points in it. 
For this purpose draw 
the line a c from the 
lower extremity a, in- 
dicating the inclination 
of the curve at that 
point; draw also the ver- 
tical line dbc through 
the extreme point b, or 
projection of the curve. 
Draw b e parallel to c a, 
and a ef parallel to 
cb; make ef equal to ae; divide the lines eb and 
b c into the same convenient number of equal parts ; draw 
straight lines from the point a to the points of division 
in be, and similarly, draw straight lines from the point/, 
through the points of division in be, meeting successively 




Fig. 167. 
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the lines drawn from a to be; the points of intersection of 
the pairs of lines thus drawn will he as many points in the 
contour of the moulding, and a curve line drawn so as to 
emhrace these points will he the greater part of the contour. 




rvy 



Fig. 158. 



The remaining part bg, if required to he determined in the 
same manner, may he found hy drawing lines from a instead 
of/, through the points in be, and from/ to bd, instead of 
from a to be; of course this will give a good deal mbre of 
^^" curve than is necessary. The curve drawn in this 
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manner is a portion of an ellipse, somewhat greater than a 
fourth of the whole circumference. The recess of the 
moulding, hgd, at its projecting point is denominated a 
quirck. Fig. 157 is from its great projection relatively to its 
height, adapted for capitals of Doric columns. With less 
projection it would be suitable for entablatures. 

To describe the hyperbolical Ovoh, Fig. 158, as employed 
in Doric capitals ; having given the projection b of the curve 
and the lower extremity a. Draw the line ac in the direc- 
tion of the lower end of the curve, and b c vertically through 
the point b ; draw a g vertically from a, and b e and c d per- 
pendicular to ag\ set off ^/ equal to ad^ and eg equal to 
a e ; join bf and divide bf and b c into the same convenient 
number of equal parts; draw straight lines from a to the 
points of division in be, and also straight lines from g through 
the points in/b; the successive intersections of these lines, 
as in the foregoing case, are the positions of as many points 
in the contour. This is the general form of the Ovolos in the 
capitals of the Grecian Doric. It will be seen that the lower 
part towards a is nearly straight, and is succeeded by four 
fillets, shown in section on a large scale, and rounded away 
on the under sides into the fundamental line n o. 

The Cavetto, Figs. 159, 160, 161, is the reverse of the 





Fig. 159. Fig. 160. 

Ovolo, and both in regard to form and to the weakness of the 
extreme parts, is well adapted for purposes of shelter for the 
other members. It is always employed as a finishing, and is 
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applied where strength is reqtdred. It is never used in 
bases or capitals, bnt frequently in entablatures; thus, in 
the Boman Doric prder, it forms the crowning member of the 
cornice, and is evidently employed to overhang and shield 
the under members. 

The Cavetto is described in the same way as the Roman 
Ovolo, by arcs of circles, which may be either full quadrants 

or less. The Greek Cavetto, 
Fig. 161, is somewhat ellipti- 
cal, and may be described by 
a combination of two circular 
arcs, thus : Let a 6 be the 
projection of the moulding, 
and a c the vertical line ; 
from the point h draw h d 
vertically from (, and make 
it equal to h e, which is two- 
thirds of ^ a ; from the cen- 
tre d describe the arc hi; 
draw t n perpendicular to 
e d, make n o equal to n t, draw o p perpendicular to a c, and 
meeting e d produced in p, and from the centre p thus found 
describe the arc t o. The contour hioo will represent the 
Greek Cavetto. 

The Conge or Scape, Figs. 162 and 163, is a species of 
Cavetto, and is not recognised as a distinct moulding. In 
section it is partly concave and partly straight, the latter 
being vertical. It is employed in the columns of some of 
the orders, for joining the capitals and bases to the shafts. 
Let a hf Fig. 162, be the projection of the moulding from 
the vertical line a e^ which it is required to touch ; and 
first, if the projection ah is equal to the height of the curve, 
make a c equal to ah; and from the points h and c as centres, 
with a 6 or a c as a radius, describe the arcs intersecting 
at d ; from d with the same radius describe the arc h c, which 
will complete the contour of the Conge. Or the centre d 




Fig. 161. 
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may likewise be found by drawing h d vertically, and making 
it eqnal to a h. 

If the Conge contains less than a quarter of a circle, as in 
Fig. 163, let he he the tangent to th'e cnrve at the point h ; 
on the vertical af, set off the distance c d equal to oh; draw 





Fig. 192. Fig. les. 

h e ai right angles to h c, and de hi right angles to cd; from 
the point e, as a centre, describe the arc hd, which will 
complete the contour of the moulding h df. 

To describe the Roman Cyma-recta^ or Ogee, Fig. 164, join 
the point of recess a to the point of projection h by the line 




el 




Fig. 164. Fig. 165. 

a h ; bisect ahmc\ with the distance h c from the points c, b, 
describe the intersection e ; and from the points a, c, with the 
same distance, describe the intersection d ; from d, with thn 
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distance da or dcy describe the arc a c ; and from e, with 
the distance eb or e c, describe the arc h c ; and ach will be 
the contour of the Gyma-recta required. The projection of 
the upper end of the curve over the under, as n 2>, Fig. 164, 
is generally equal to the height of a n of the moulding. If 
the curve is required to be made rounder, we have only to 
use a less radius than that of a c or c 2>, in order to describe 
the two portions of its contour. 

The same description applies to the Cyma-reversa, Fig. 
165, letter for letter. 

The Greek Cyma-recta is little different from that jnst 
described, except that its projection over the under fillet is 
less than that of the latter, and that its curvature is also 
less. 

The nature of the Greek Cyma-reversa, or Talon, is repre- 
sented in Fig. 166. To construct the moulding, join the 

points a b, the extremities of 

the curve ; bisect a 6 at the 

4'xX/lll\ point c; \ipon 5 c, as a dia- 

C'xV — "/"' meter, describe the semicircle 

\l^^^^^ cdb, and on o c describe the 

>^^^f!^^-A semicircle aec; draw perpen- 

^:Z"^^^^v ""^-j diculars d o and ef from any 

v""^\\y<? number of points ia be and 

^^ c a, meeting the circumferences 

^* of the semicircles ; from the 

same points draw a series of horizontal lines, as represented 
in the figure, equal in length to the corresponding perpen- 
diculars, on equal o(i,/« equal to /^, &c. The curve Kne 
hncg a, drawn through the extremities of the lines, will be 
the contour of the moulding. 

The curve might be made flatter by using arcs of circles 
of a greater diameter than a c or c 5, as the height, o d, of 
the arcs would not be so great as it is in the figure. This 
will be exemplified in describing Fig. 169 following. If the 
upper part bnche required to be larger than the under part 
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c a, of the contonr, this may be effected by shifting the point 
c nearer to a before drawing the circular arcs. 

The Gyma, like the Cavetto, is always used as a finishing, 
and never applied when strength is required. 

To describe the Scotia, Fig. 167, the extremities a and b oj 
the curve being given. — ^Draw the perpendicular a c, then h c 
is the projection of the curve or moulding ; draw the per- 
pendicular be; add one-half of a c and two-thirds b c into 
one length, which set off from b io d; from the centre d. 



^R"^--^ 





Fig. 167. 



Fig. 168. 



with the radius bd, describe the semicircle bfe; join ea, 
and produce it to/; then join df, cutting ac in ^; from g, 
as a centre, describe the arc af; this arc, in conjunction 
with bff forms the contour, afb, of the Scotia. 

Another mode of describing the Scotia is shown in Fig. 168. 
Join a and b, and bisect ab ia c; draw ecd horizontally, 
and make c d equal to the required recess of the curve, and 
c e equal to cd; di&w/d g parallel io ab ; divide af and a c 
into the same convenient number of equal parts, and to the 
points of division in a/ draw straight lines from d ; draw 
also straight lines from e through the points in a c till they 
meet successively the lines drawn to af. Having performed 
the same operation on the upper side, the series of inter- 
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sections thns fotmd are pointH in the cnrve, and by drawing n 
line tbroagh them the contonr will be obtained. 

Ib Fig. 169 a method is given somewhat similar to that 
used at Fig, 168. Join ab, upon which describe the eemi- 
circle adb from the centre e ; draw a series of lines per- 
pendicularly from a b, meeting the circumference adb; 
draw also a series of horizontal lines from the same points 
in a 6, as shown in the figure, making these lines eqnal to 
the corresponding lines in the semicircle, e e equal to ed, &o. 
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Fig. IW. 

The estremities of these lines will be as many points in the 
curve. If the recess of the cnrve is required to be leas than 
ec, as, for instance, en, then set off co equal to en, and 
describe an arc a o £ from the centre i. By the method in 
the former case we find the contour anb. 

The mode first described, to produce a graceful contour, 
should be confined to medium proportions. For example, in 
Fig. 167 the projection is two-fifths of the height. 

Tojini the gradation of ikefiutei on the elevation offiuUd 
eohtmni, 

FiBSTLT. When the column is parallel. 

Let A, Fig. 170, be the elevation, having its opposite 
sides parallel. On its centre line n, and with a radius 
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eqaal to half diameter of column, draw a half-plan b, (a 
half being sufficient for the purpose). Divide this semi- 
circumference into the required number of flutes , r, 8, t, &c., 
and from these flute points draw the vertical lines e, /, g, 
&c., in elevation of column a. In making the plan of the 
flutes, describe the arcs as at c, m, &e., with the same 
requisite radius from each division on the circumference, 
and from the intersections c, m, 
&c,f describe the circle of flute 
as at d, k, &c., between each of 
the divisions. 

Secondly. When the column c;| 
is tapered, Fig. 171. 

Draw the half-plan of top 
and bottom of column as at e 
and df divide the larger semi- 
circle d into the required num- 
ber of equal parts for the flutes, 
and from which divisions draw 
to the centre the radial lines a, 6, 
c, &c., and which will divide the 
lesser semicircle e at the same 
time, and from the points/ and 
g, where the radial lines intersect the circles, draw vertical 
lines as at i and h, &c., which will give the points on 
top and bottom of elevation, between which, when the 
lines k, &c., are drawn, will be obtained the elevation of 
the flutes as required. A plan of a tapered fluted column, 
when divested of initial circles e, d, and radial lines a, 
b, Cf &c., will be as represented in part at I m. 

Thirdly. When the column is barrelled. Fig. 172. 

The process is somewhat similar, only the elevation a 
must be divided into a number of horizontal parallel lines 
a, bf c, &c., to represent the different diameters, and which 
are necessary for intersectional points. In the half- 
plan B draw the semicircles equal to the diameters a, 6, c. 
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&c., on elevation, and as indilsated by the dotted vertical 
lines df e, /, &c. The lines vX gh being squared down from 

the points where the radials 
cut the respective circum- 
• ferences to the horizontal 
lines a, h, c, &c., on eleva- 
tion A) give the several points 
for the curve. The process 
is the same at each radial 
line, giving the curve points 
for each flute in elevation. 
The curves are drawn in by 
the moulds described in 
^ Chapter IV. 

In the diagrams just de- 
scribed the figures are exag- 
^•^^2- gerated in their proportions 

in order to render the process more distinct. 

Wheel Work. — In drawing the plan or end view of a spur 
wheel, Fig. 178, the process is the same as at Fig. 170. 





Fig. 173. 

The T-square is placed at the several points of the teeth 
in view a, and the horizontal lines drawn in the end 
view h, as shown in diagram. In spur wheels and pinions 
the diameter (as has been said elsewhere) is always taken 



AND LARGE MACHINERY. 



97 




Tig. 174. 



at the pitch line, a, Fig. 174, which line rnns through 
the broadest part of the npper halves of the teeth, and is 
coincident with the line of contact with the wheel or pinion 
with which it is intended to work. The distance between 
the centres of each pair of teeth be, cd, &c., is measured 
on this line, and is called the pitch. The form of tooth, 
though variable, is usually similar to that shown in diagram 
Fig. 174. Having divided 
the pitch line into the 
number of equal divisions 
for number of teeth, and 
the half breadth of the 
tooth having also been 
marked off on each side 
of its centre on the pitch line, with the radius eg, and from 
c as a centre on every tooth, describe the arcs g and i, which 
give the form of the lower part of the teeth ; then with the 
radius c e, with c as a centre on every tooth, describe the 
arcs and/, which give the form of the upper part of the 
teeth. The pitch line being kept nearer the outer edge than 
the middle of depth of tooth, gives a broader base to them 
for strength. In proportioning the teeth of wheels, the 
application of the following rule has been found in practice 
to work well : — 
Depth from point to pitch line . . 5^^ parts. 

„ pitch line to root of tooth 6^ 
Whole depth of tooth . . . .12 

Working depth 11 

Thickness of tooth ,7 

Width of space 8 

If a plan a as well as a front view 2) of a 
spur wheel is required (Fig. 176) ; having once 
^ound the front view of the teeth at h from a 
face view c; it 'is unnecessary to repeat the 
process by drawing a temporary face view of wheel opposite 
a for again finding the lines of teeth, the lines can be easily 
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Fig. 176. 
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marked off from h on the straight side of a slip of thin 
paper and transferred to the view at a. 

Bevel wheels and pinions and mitre wheels, the latter 
being two of the same diameter working together, are simply 
frnstmms of cones, the line of contact of teeth of either class 
terminating in the same centre or apex, as shown in Figs. 176 
and 177, the former showing wheel and pinion, greater and 
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Fig. 176. 



Fig. 177. 



less, and the latter mitre wheels. In either case a good deal 
of care has to be exercised in projecting the teeth properly. 

It is easier to draw a pair of mitre wheels in gear, than 
bevel wheel and pinion, as one face view of one of . the 
former serves to project the teeth for the other of the same 
size working into it ; but in the latter a face view (or half, 
which is sufficient) has to be drawn of both wheel and 
pinion. In every case where side views only are shovni, 
the teeth can only be projected from a face view, even 
though it has to be efiflEu^ed again after the operation. 
As the process is the same for each of these classes of 
wheels, the explanation of the subjoined diagrams. Figs. 178 
and 179, of mitre wheels will be sufficient. 

1. Having determined the diameter of pitch line, drawr 
a vertical line — on which set off the diameter a b, Fig. 178, 
bisect A B in ; from c as a centre, and with radius c a or 
c B, draw the circle or pitch line a ^ b ^. 

2. Through e draw the centre line d e ai right angles 

to AB. 
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8. Draw the vertical tangent line fg of a length eqnal 
to A B, and which will he one pitch line 'of side view. 

4. Join, hy straight lines, fc and g c, which will form the 



Fig. 178 



Fig. 179, 




sides of the cone, or the angle of line of contact of the teeth. 
5. Having fixed on the length of teeth /A, draw the line 

F 2 
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h i parallel iofg. This line will be the pitch line of teeth at 
inner diameter of side view of wheel; and through the 
point ky where it cuts the centre line d e, and with radius 
c Jc, draw the inner pitch line circle of face of wheel kly z, 

6. Having fixed on the dimensions of teeth, space, and 
pitch ; on the greater pitch line aoIbb pitch off the centres 
of teeth as at 1, 2, d, &c., and through these centres draw 
the radial centre lines of teeth cl, c2, &c. 

7. On line /c, Fig. 179, corresponding to the line /c in 
Fig. 178, mark off the length of tooth a h, draw in the ends 
at right angles to the line /c, on either side draw in the 
depth of tooth mn, and £E;om the top and bottom points 
draw the radial lines jp, o, to the centre c ; from the same 
points draw the' horizontal lines r, s, and also the lines t, u^ 
from the points Ifh to the vertical centre line w v of face of 
wheel, and from c, as a centre, describe the semicircles 
corresponding to these half- diameters cr, cs, ct, ^nd cuy 
which will give the face view of the line of top and bottom 
of teeth. 

8. On face view, from radial line mark off the half thick- 
ness of tooth on each side at pitch line,* and at top and 
bottom of outer end of each tooth at 6 and 7, Fig. 179, on 
the circles corresponding to r and s. 

9. From these points draw in the radial lines towards the 
centre c, into which centre, with great advantage, a fine 
needle may be put to bear the front of straight-edge, and 
thus complete the sides of teeth as at x. The points for the 
smaller ends of the teeth will be found from the radial 
lines cutting the respective inner circles. The side view of 
tooth at m being simply drawn in to assist in finding the 
diameters of the circles in face view, will be almost hidden by 
the other teeth when all are projected back &om face view. 

Having drawn in the body of side view of wheel on which 
the teeth are, to be projected from face view, and the line of 
top and bottom at each end of teeth as Bi abed, Fig. 180, 

* When of the curyed form to a large scale. 
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square the points efand po on face view to ^ ^ and i k on the 
vertical lines of side view, and join g h and i k. The lines 




Fig. 180. 

Imrif drawn from the points of large end of tooth h ik, and 
from the corresponding points on every tooth, are all radiated 
to the same centre, as were the centre lines and sides of 
teeth in face view, the points for the inner ends of the 
teeth, as already referred to, finding themselves hoth in face 
and side view. As the process is the same in each tooth as 
in that jnst described, the one definition, with the aid of the 
dotted lines as shown in Fig. 180, and with an example 
drawn in fally as at Fig. 181, will be found sufficient. If a 
face view is not required, but only a side view, then the 
four points efop. Fig. 180, of each tooth are all that are 
necessary in a temporary face view from which to draw in 
the teeth of the side view. 

If the face view is to be shown in conjunction (or geared) 
with a side view, and not two side views, then the teeth 
which were first drawn in on the face view for projecting 
the side view must be drawn in where the spaces were 
between each tooth for the finished drawing of such face 
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view ; if drawn in as at first projected for finding the points 
for the teeth in the side view, it would not present the 
spaces for the teeth of side view of wheel to work in. The 
relative change in position of teeth will he observed in the 
diagram of mitre wheels at a, Fig. 181, they having the 
same diameter and number of teeth as in diagram Fig. 179. 




Fig. 181. 

If only two side views and no face view is required, 
having found one side view from the points on the latter 
(temporarily drawn for the purpose), such points from the 
one finished side view can be transferred on the straight 
edge of a strip of thin paper to the other side view to be 
.drawn. It would look more uniform to have a tooth 
exactly in the centre, which must be arranged at the 
beginning of the process. In projecting the teeth on side 
view as in Fig. 180, the points should be found and the 
teeth drawn in on each side from the centre outwards, 
as they gradually conceal each other in receding from the 
centre. By observing this, much rubbing out of useless 
lines will be avoided. 

In drawing mitre or bevel wheels in an oblique position, 
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innch the same process as that just described is applicable ; 
^th this difference, that the circles when viewed in their 
obliquity are ellipses, and which the following diagram, 
Fig. 182, will further explain. 

A is a side view of the wheels (the teeth being drawn in 
complete in each, from a face view, as previously described). 
Directly over a is the required view b. • (To find the ellipses, 
see diagram following, Fig. 188.) 




Tig. 182. 



The several points of the teeth as at c, c, in view b, on 
their corresponding circumferences (the ellipses) are set off 
vertically from the several points of the teeth in view a ; 
vertically, also, over the point d on horizontal centre line of 
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wheels b is the point /r,.. to which all the lines are drawn from 
the several points on the ellipses in both wheels, and as 
described at Fig. 179. 

It is a convenient and more correct method, where the 
teeth points come closer together towards the edges of the 
wheels a, to have the side view of the wheels set off 
vertically at either side of view b (or a face view would 
be equally suitable) for laying off the points horizontally 
on the right and left sides of the ellipses. 




To draw ilie plan, or front view of the end of a cylinder 
lying obliquely, such as in those of oscillating engines. 

Draw a side view a of the cylinder, Fig. 183, at its re- 
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quired inclination, and at a convenient distance from the 
required position of the plan c or front view d. 

To find the points of the ellipse ; on the centre lines of o 
and D, draw semicircular plans e and f eqnal to diameter of 
cylinder opposite each view c and d ; divide the line gh on 
side "view a into any number of equal parts, and divide e 
and F into the same number of equal parts of equal widths 
with the other, as represented by the parallel lines in each ; 
from the points on the line gh on side view a draw the ver- 
tical lines A; to c on plan, and from the points where the 
parallel lines intersect the semicircle e draw the horizontal 
lines pp, cutting the vertical lines k. A curve line drawn 
through the intersectional points will give the plan of end 
lying obliquely as required. 

From the same points on g h, on side view a, draw the 
horizontal lines m to d, or front view, and from the points 
where the parallel lines intersect the semicircular plan f 
draw the vertical lines n n, cutting the horizontal lines m, A 
curve line drawn through the intersectional points will give 
the front view of end lying obliquely as required. The curves 
at the opposite ends in each view are the same. In draw- 
ing the lower ends of such cylinder, a pencil tracing of the 
curve found for one end can be transferred to the other end 
of the same view by turning the tracing upside down, taking 
care that the centre lines, which must be put on such 
tracing, come exactly over the centre lines of the curve to 
be drawn. If the back of the pencil curve on the tracing is 
gone over with a fine-pointed pencil, it will leave a sufficiently 
clear line to ink it in by, and save repeating the process 
just described twice over. Indeed, in all curves where both 
sides are alike, if one-half only is found and traced, this 
method saves time by rendering points for both sides un- 
necessary. 

Note. — In any diagrams such as that described, it is not 
absolutely necessary that the parallel lines referred to in the 
semicircular plans e f should be equidistant, only that they 

F 8 
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should agree in eacli relative view oi* plan. It is nsnal to 
make them equidistant, as it is more Bymmetrical, and in 
one sense easier, one width in compasses serving for the 
whole. 

It frequently occurs that in oscillating engines the slide 
valve casing is to the right or left of centre of front of the 
cylinder. The projection in a troni view for an inclined 
position is fonnd in a similar manner to that when snch 
object is in the centre of the cylinder. 

Let A, Fig. 184, be the front view of the cylinder on which 
the object is required to be projected. Draw a plan b, of 




the object in its position, also a side view c, of the object at 
its required inclination, the distances ed and e/, &c., in such 
side view c, corresponding to the distances ed and e/, &e., 
in plan n, each being measured from and sot off at right 
angles to the respective centre Ime xe. From the several 
points of the object in side view c draw the horizontal lines 
as shown (dotted) to front view a ; also the vertical lines as 
shown (dotted) from the several points of the object in plan 
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B, to front view a. Their intersections with the horizontal 
lines from o will give the points of projection for the object 
on front view as required. If the cylinder and casing were 
in a vertical position, the plan b only would be necessary, 
as the heists of required object would be set off on the front 
Tiew, instead of on a side view, as at o, when inclined. 

Other objects under si;nilar circumstances would be prO' 
j acted in the same manner as that just described. 




In drawing the front or back viSw, or plan of the engineer- 
ing detail, shown in accompanying diagram. Fig. 185, when 
the object is lying obliquely, the points for such views have 
to be projected, as in similar cases, from another view than 
any of those named, even though it has to be effaced again 
after such process, if not required for the drawing. The 
view required for finding the points of those in Fig. 185, at 
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A, B, or 0, would be a side view, as shown at d. Such views 
as A, B, and o have their right breadths or thicknesses put 
exactly on them throughout. The dotted lines will be quite 
sufficient to show without further explanation how the 
oblique positions of the parts in the several views are found, 
the lines from the central figure d to the views on right and 
left of it being horizontal lines, and those upwards to the 
plan B being vertical lines, or at right angles to the right and 
left horizontal lines. 




Fig. 186. 



To find the curve at either end of the side view of a crank web. 

Let A, Fig. 186, be a part of 
the side view of a crank. Draw a 
corresponding part b, of -plan of 
crank. From the centre k of crank 
eye, with any radii (so that it is 
on the curved part of web), de- 
scribe the arcs, as at c A, &c. ; from 
c draw a vertical line, cutting the 
profile of curve at /; from the 
point / draw the horizontal line 
fg ; and from the point h, where 
the arc ch cuts the side of the 
crank web, draw down a vertical 
line, cutting the linefg mi; i will 
be one point for the required curve. 
Eepeat the process from any other 
arcs, as from d, &c., which will 
give other points for the curve 
required. The same process is 
applicable to the ends of rods 
where they change from the circular into the flat butt, as 
shown at b and a. Fig. 187, giving plan and side view. 

In projecting rivets of the conical form on the side 
view or plan of a round boiler, the process is similar to 
that for finding the points at Fig. 173. The rivets, other 




Fig. 187. 
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than thoBo immediately in front of the observer, where 
the diameters are seen eqnally, as they recede, appear ellip- 
tical; the horizontal diameters* are all of the same breadth, 
their diminishing diameters being in the vertical direction. 

Let A, Fig. 188, be a side view of the object referred to. 
Draw part of an end view b, of outline of boiler, on which 
to pitch off the rivets at their required distances ; also a 
longitudinal section, o, on which to project the heads of the 
rivets in interior view, each view in a direct line with 
axterioi side view a. 

A. o 



o 

)± 

Vig ISS. 

The rivets on end view {or section) b having been equally 
divided from centre to centre, draw a centre line through 
each point as shown at ef, the point / being the centre 
of the circle or quadrant jfi. Set off the height of a rivet 
outside, and thickness of a rivet head inside of section b, 
and draw the circle i k passing through the point of height 
of rivet, and which, cutting all the radial centre lines, will 
Bet off the height of each rivet at one operation for putside, 
and the inner circle Im for the thickness of heads inside. 
Take the half diameter of bottom of rivet {or the base of the 
_" Suppoaing the views referred to are drawn horizontaJlj as in 
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cone), and lay it oflf on each side of its centre line. Draw 
';he sides of each rivet from these points of its diameter at 
mse to the point of its height already found by the circle 
; k cutting the radial or centre lines. For the head, lay off 
each half diamteter, a c and a d (as shown on a larger scale 
at Fig. 189), from their centre lines ik. Draw lines c e and 
df through these points and parallel to the centre line i A, 
or, in view b, from /as a centre, describe a circle equal to 
the diameter of rivet or head ; and having set the parallel 
rulers to the centre/ and centre line of rivet, draw the outer 

diameter of each rivet, as at q o, equal 
to the diameter of circle at/. The point 
fe. Fig. 189, through which the circle 
passes (as already referred to), being the 
thickness of head from a. Set the 
parallel rulers to the points where the 
circle I m cuts the side lines of diameter 
of head «/, and draw the line g h through 
the point b parallel to ef, which will complete the head of 
rivet. 

In views 'A and o. Fig. 188, the centre line a b having been 
drawn in vertically at its proper distance from the end n, 
set off the lines for the half breadth of rivet on each side 
of it, and square across the points from the top, bottom, 
and centre of each rivet from outside of view b, as indi- 
cated by the dotted lines c, to side view a, and fron^ 
the heacte inside at d to interior view o. For a drawing 
to a small scale it may suit the purpose to draw in the 
ellipses through the four points thus found for each rivet head 
by hand ; but for a full-sized rivet, the process of drawing 
in the ellipses correctly requires further explanation, as more 
than one vertical and one horizontal diameter is requisite. 

In Fig. 190 the process for finding the points of the ellipses 
(or bases) of the rivets as they recede is shown more dis- 
tinctly by using a larger scale. 

Let A be the side view, b the end view, and o the interior 
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view of the iron plating, of which the lines d e and/^ in end 
view B represent the outer and inner surface. 

As in the previous instance, draw in the form of rivet 
Z m n, on end view b, and draw the Unes for breadth (or hori- 
zontal diameters) of rivets hi on side view of plating a. 
Draw the semicircle hki equal to the horizontal diameter, or 
breadth of rivets ; divide t h and t i into two parts, it may 
be equal, or if nearly so, will suit the purpose, tp and t r 




Fig. 190. 

being equal ; draw the vertical lines p o and r q (which will 
be parallel, of course, to the vertical centre lines s t), cutting 
the semicircle at u and v. 

On end view b mark off the points w y and w x equal to 
r t; on side view a ; fi-om the points y and x draw the hori- 
zontal parallel lines to side view a, and where the vertical 
lines op and qr cut the horizontal lines from y and x at z, 
will give four more points through which to draw the ellipse 
than could be given in the small scale of the first diagram. 
The dotted lines c d and ch' m. view a indicate the centre 
line of the object viewed obliquely, and are found by 
drawing the horizontal lines from m and w respectively ; n( 
such lines, however, should appear in a finished drawing, 
the apex only being indicated by a point at c* In each 
rivet the same process is applied. What has been already 

* The natural form of such objects in a similar position is best 
shown by shading, in a shaded drawing. The same remark applies to 
the firont view of the lower part of the stuffing-box of a cylinder covei, 
&c., lying obliquely. 
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explained in regard to the top of the rivet is eqaally 
applicable to the head, as shown at c, the dotted lines being 
presumed a sufficient gnide, and the whole process being 
somewhat similar to that described at Fig. 183. 

In the view b the lines d €y &e., are assumed for such 
short length of curve having a large radius to be straight 
lines, and which for all practical purposes would be suf- 
ficient ; but in a quick curve, as in diagram d, Fig. 191, the 
following rule is obser^'ed :— 




Divide the half diameter a by any number of horizontal 
divisions (equal being convenient), and with the same dis- 
tance in the compasses from the centre line m, and on each 
side of it, on the curve, set off an equal number of divisions, 
proceed as shown in diagram. Fig. 183. The curve line b 
passing through the intersectional points will be the view 
required. 

Note. — ^The cturve is simply that of a circle bent round a 

cylinder ; were it the curve produced 
by a regular cone (which that de- 
scribed is not), intersected by a cylin- 
der at right angles to axis of cone, 
the process would be as follows : — 

Through any point, x or y. Fig. 192, 
draw a straight line at right angles to 
centre line of cone m, intersecting the 
^ sides Qf cone at ah. At any con- 

venient distance on centre line m draw a circle of corre- 
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spondmg diameter to a & in section of cone ; from the point 
y draw a straight line y I, parallel to centre line m, inter- 
secting the circle ai ul; ul will he the distance horizontally 
between two points of the curve relatively, ta z in view a, 
Fig. 190. 

To find the horizontal diameter at w. — Through the point 
w draw a line parallel to ab; the diameter will be the dis- 
tance between the points of its intersection with the sides 
of the cone.* 



In making a drawing of a six-sided nut, the half of dia- 
meter a, Fig. 198, is taken as a radius from the scale with the 




Fig. 193. 

pencil-bows, and a circle drawn of the proper diameter. A 
vertical line b e, or horizontal line e Cy ia next drawn 
through the centre of the circle and depending on the posi- 
tion the angles of the nut are required to be shown ; then, 
with half the diameter in the compasses, the circumference 
of circle is divided from b, c, or e into six equal parts, and 
between the points, the straight lines, as at d, &c., are 
drawn, completing the hexagon ; or the T-square and angle 
of 80^ may be employed (as indicated in the diagram at o), 
without dividing the circumference by the compasses. 

The side view of the nut is completed as in subjoined 
diagram. Fig. 194, the dotted lines sufficiently explaining the 
different radii for the curves. ^ 

In drawing a side view of any object where a front view 

* For a similar object on a larger scale more intersectional poinf s 
than those given^ as at z an4 y, would be necessary to insure correct- 
ness, and may be chosen anywhere in the curve. 
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is also given, as, for example, in Fig. 195, a is the proper 
position for the side of the nut, of which h is the front view. 
In the diagram adjacent to it the side view c, shonld never 
he drawn as shown, with its back turned on its front view d. 










j- 




Tig. 194. Fig. 196. 

This principle holds good in all larger objects of the same 
kind, especially in finished drawings, and referred to pre- 
viously in this chapter in regard to end 3dews with eleva- 
tions. 

Note. — If a temporary plan, &c., is necessary simply for 
finding points in an intersection or other view, it is quite 
immaterial where it is placed, if it is in a position suitable 
for the required purpose. 

Intebsections. — In the details of machinery there are 
numerous instances where one part appears to be fitted or 
mitred upon another, and sometimes one portion seems to be 
penetrated, or completely passed through by another. All 
such appearances of the interruption or penetration of parts 
by one another may be called the penetration of solids, and 
the lines of intersection where these solids meet and run 
into one another are the intersection of solids. 

In a side view of such a common object in engineering as 
a round pipe joined at right angles, or square to another 
round pipe of the same diameter, the formation of the 
joining is an operation simple enough to perform, as it will 
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be a stnught-line joint, as at a and b in each of the sab- 
joined examples shown in Fig. 196, and of which d ef axe 
the respective plans. The diameters being alike, the points 
e terminate vertically and horizontally in the centre. But, 
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Fig. IM. 

when a smaller cylindrical object is joined at right angles 
to a greater, as in Fig. 197, the operation is not performed 
with so mnch facility, as the joining in the side view is a 
carved line. 

To find the intersectUmal curve of two cylinders ff unequal 
diameters joined together at right angles. 

lict A and B, Fig. 197, be the side elevation of the objects 
on which the carve is required to be drawn, and of which 
c d and ef are their respective centre lines. Draw a half- 
plan a, of the objects. On centre line ef, with radias eqaal 
to the half diameter of smaller cylinder b, and at any con- 
venient distance from it, describe the semicircle h. 

Divide the half diameters e p and n m into the same 
namber of corresponding divisions as at 1, 2, 8, 4 and Z, k, t, g. 
From the points g, t, /?, I, draw horizontal lines to the circam- 
ference z of larger cylinder ; from the points in the semi- 
circle H, where the vertical lines 1, 2, 8, 4, intersect it, draw 
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the horizontal lines as at k; ; from the points where the 
horizontal lines from g, t, k, I intersect the circmnference z of 
larger cylinder, draw vertical lines x intersecting the hori- 
zontal lines u; at 5, 6, 7, &c., through which points draw the 
curve line y^ which will he the intersectional curve required. 




, ' Fig. 197. 

To find the intersection of a rectangular object with a cone, 
central and at right angles to the a>ans of cone. 

1. Draw a vertical centre line, Fig. 198, on which set off 
the height of the object A ; draw the horizontal lines for the 
ends of object, and on these lines set off the half of each 
diameter for each end from the centre line, as at ab and c d 
(as described in Chapter XII.), and join a c and b d. Draw, * 
in its position, the depth of the rectangular part of the object 
efgh. 

2. At any convenient distance draw a horizontal line 
i; ti;, as a centre line for the plan b of the object, and on 
which the halves of whole diameters or breadths are to be 
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laid off on either side of it. (An inverted plan will be more 
convenient for the required purpose.) 

8. At the central point z, and with a radius equal to 
half of a hf draw the circle n, and with radius equal to 
half of e df draw from the same centre the circle o — corre- 
sponding severally to greatest and least diameter of conical 
object. 

4. From z &b & centre, draw the dotted circles q and r 
of diameters corresponding to I m and i k of side view. 




Fig. 198. 

5. On plan b draw the breadth, or plan, of passages 
p p, and where the lines p p &t inner ends cut the lesser 
circle q at 8, it will give the point t on line g h on side view ; 
and where the lines p p cut the greater dotted circle r at u, 
it will give the points x on line ef on side view. 

6. Join xthj the lines y, which will be the termination 
or intersection of the inner ends of rectangular passages with 
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conical object, as required.* These points can be measured 
from their respective centre lines on either- view, applying 
such measurement to the other ; or by squaring them up or 
down with the T-square. 

In engineering objects of a similar description to the fore- 
going, the object intersecting the cone is more frequently 
cylindrical than rectangular, and joined to the cone as in the 




Fig. 199. 

former case at right angles to its axisJ The cone in accom- 
panying diagram. Fig. 199, is enlarged, to render the process 
of finding the intersection, which is a curve, more distinct. 

To find the curve, 

1. Let be the side view on which the curve is to be 

* On a small scale the lines x t, for all practical purposes, may be 
drawn straight, the curve (which is hyperbolic) is so slight. See 
Chapter XI., Fig. 133. 
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drawn. Draw a lialf of front view a, of cylinder, also a 
half-plan b, of conical object inverted (the half of each of 
these being sufficient for the purpose). 

2. Proceed exactly in the same way as in the case of the 
two cylinders (described at Fig. 197), but extend the hori- 
zontal parallel lines r, s, t, &c,, from the points where the 
vertical lines intersect the circumference of front view of 
cylinder a, right across the diameter of cone to g h, &c* 

8. With the half n g, &c., of each of these diameters as a 
radius, draw the dotted circles in plan b. 

4. For convenience, transfer front view of a to d. 

5. Produce the parallel, lines d, «,/ in view d to the plan 
B, and from the points where they intersect their respective 
circles draw the vertical lines i, k, Z, &c., cutting the corre- 
sponding lines of the diameters g and 
hy &c., B,i o p q, &c. ; and having 
similarly found all the points on the 
respective diameters of the cone from 
the plan b, a curve drawn through 
them will be the required line of 
intersection. 

In inverted plan b, a curved line m 




Fig. 200. 




passing through corresponding points as those already found 

* Or the lines in cylinder a may be drawn horizontally across, in 
which case, when transferred to position d, they would he vertical, or 
the reverse to that shown, tne intersections producing similar results 
to (hat described. 
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on opposite side of centre line at u, &c., will be the inverted 
plan of int^rsectional curve. 

In Fig. 200, the side view of a cylindrical object a joined 
vertically to a sphere b, the intersection is represented by a 
straight line cd. 

In Fig. 201, the side view of a recl^gular object a (and 
of which B is a plan) joined vertically to a sphere o, the 
intersection is represented by a part of a circle. To find 
which — 

1. Draw in a centre line h i, and from the points d and e. 




Fig. 302. 

where the sides of rectangular object cut the circumference 
of the sphere, draw a horizontal line d e, cutting the centre 
line at/. 

2. From g, the centre of sphere, and with the radius gf, 
describe the required circle mf n. 

In Fig. 202, the side and end views of a rectangular objeety 
of which A is a plan, b a side view, and d an end view. 
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joined to a sphere e, and central on its axis, the intersection 
at sncb side and end view will each be part of a circle. 

In side view b, the diameter of the circle required, of which 
c miB the radius, is equal to the diameter ef; and in the 
end view d, the diameter of the circle required, of which t k 
is the radius, is equal to the diameter g h, each described 
from the respective centres c and t of spheres e. 

From what has already been described in the foregoing 
diagrams, it is presumed that in those which follow, in 
Fig. 208, the dotted lines will explain sufficiently. In the 
first diagram a (which is a cone intersected by a sphere), 
and in the second diagram b, additional sectional lines to 
those shown may be made, to render the curves of the 
intersections more accurate. 

HwT.TX (oB Sobew). — To find the points for drawing in the 
curve qf a common square-threaded screw. 




n 



B 



Fig.204, 



Let A B, Fig. 204, be the diameter outside the thread, 
and no the inner diameter, oa the pitch (or the dis- 
tance passed through by one revolution of screw, which 
for distinctness is here shown to be greater than it would 
be for an ordinary screw). Draw a vertical line fg, equal 
to diameter of screw, opposite its side view o d, the c&ntre 
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line e h being common to both. , On ^ as a centre, with the 
radius efy or eg, describe the semicircle gif, which will 
represent the outer circumference of thread, and on ^ as a 
centre, and with radius ^ o or ^ n describe the semicircle m, 
which will represent the inner circumference of thread; bisect 
the pitch A in A;, which will be the distance of half a revolu- 
tion of screw — one half being sufficient for the purpose — and 
the part really visible to the eye of the observer, the other 
half being represented by the dotted line p ; divide the 
quadrants gi and/t into any number of equal parts repre- 
sented by the radial lines 1, 2, 8, &c. Bisect rsial, and 
divide rl and la into equal divisions as at 1', 2', 8', &c., 
corresponding to the number of the radial lines with similar 
figures in semicircle (and which semicircle corresponds to 
the half revolution c k). Draw vertical lines through these 
divisions, and from the point where the radial 1 intersects 
the larger semicircle draw a line parallel to e h, cutting the 
vertical line 1' of its corresponding division ; this will be one 
of the points for the curve. 

From the points in the larger semicircle intersected by 
the radials 1, 2, 8, &c., draw lines parallel to ehf cutting 
their respective vertical lines T, 2^, 8', &c., and a curve 
passing through these points will give one quarter of the 
curve. The points in the lower part,, completing the half 
revolution, are found exactly in a similar way from the lower 
half i^ of semicircle or quadrant. Havings found one half 
thus, for practical purposes, when the remaining half is 
required to be drawn, it is easy to trace it, turn over the 
tracing, and prick it through, or rub 'the back of tracing, 
leaving the pencil mark, which will complete the curve for a 
whole revolution. 

The curve of the inner part of the thread is constructed 
precisely in the same manner. From the points intersected 
by the radials 1, 2, 8, &c., in the inner semicircle m, lines 
drawn parallel to the others for the outer part of thread, 
and cutting the same verticals 1', 2', 8', &c., as in the other, 

G 2 
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will give llie leqnired curve, as ahowu in diagram. It may 
be meotioned that the same semicircle with ita divisions is 
the same for any pitch, the diameter being the same. For 
triangnlar-threaded and internal BCiews, as in sections of 
nnta, the process is exactly similar. 

In a aeries of threads, as in Fig. 206, for the enter part, the 




ontlines of each side of each thread are exactly alike, and the 
corves of the imier part ai> on each side are also alike. In 
making a drawing of a screw snch as that represented in eu- 
companying diagram, the simplest way is, after having found 
(by the process described at Fig. 204) the part of the curve 
from e to d, to trace this half diameter and prick through the 
traced line to a piece of cardboard or thin wood, and having 
eat the carve out as a moold, by reversing it and tnming it 
Qpside down, it will be suitable for drawing in both sides, 
and both edges of every thread, the centres of each thread 
and space being drawn in previonaly as represented by the 
vertical lines «,/, g, h. It will be fonnd the easiest way to 
pursue the same method for the curves a and h. In drawings 
to a small scale, the front view of the threads is generally 
drawn straight and at an angle. 

Note, — For dravring in the proper nnmber of threads to 
the inch to a given diameter of screw the following table 
will be found nsefol for the two kinds of threads in common 
use: — 
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Diameter in 
Inches. 



X 



H 

^ 



s 






Threads per 
Inch. 



20 

18 

16 

14 

12 

11 

11 

10 

10 

9 

9 

8 

8 

7 

7 

6 

6 

5 

6 



Diameter in Threads per 
LEiches. I Inch. 



4^ 

4 

4 
4 

3- 

3 

3 

2 

2 

21 

2 

2 

2 

2 

2 



8QU1.RB THREADS. 



Diameter in 
Inches. 



Threads per 
Inch. 



A 



i 






9 

9 

8 

7 

7 

7 

7 

6 

6 

6 

6 

5 

4 

4 

3 

3 

21 

2^ 



The angle of the V- thread is generally 65°, and the depth 
of the nat equal to the diameter of the 
bolt. 

In drawing the elevation of a circular 
staircase tnming either to the right 
or left, of which Fig. 206 is a view of j 
the latter, a being a half-plan, the 
same process is applied as in drawing 
the thread of a screw. Fig. 204, and 
will be understood by the dotted lines. 

To draw a front view or plan of a 
worm, or screw wheel. 

The first part of the process consists 
in simply drawing a portion of the 
thread of a screw, its full diameter 
being cut oflf at each side, at a and ^, Fig. 207, by the breadth 
of wheel c d — c d being less than the diameter ef of screw. 
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Let gchd be the profile of wonn wheel, and i the end 
view of screw, or woTTn, draw a half-face view k of the 
wheel, having the same centre line common to both views ; 
draw the centre line I m through the side view of wheel and 
screw, and when required to be very accurate for the process 
on a larger scale then m c and m d may be bisected, and 
lines drawn through the bisection parallel to Im, making 
semicircles in half-plan x to correspond; one line Zm is 




Fie. 207. 



r ^ 



sufficient in the present instance to show the process. The 
line 71 o is the bottom line of tooth, the dotted semicircles 
r q representing the same in face e. Complete one tooth 
in centre of wheel as at e f, in the same manner as in 
drawing the threads of a screw from an end view i, and as 
described at Fig. 204 ; from the points where the curve 
cuts the centre line I m and side lines g c and h dy draw 
down vertical lines s to face view s. The position of 
middle part of tooth requires to be shown distinctly (for 
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the process only) as in aectioDal Ibes in e at y. This 
process ■will give all the points for the end view of the 
curved tooth as shown at t. Having previously divided or 
pitched off the centres of the teeth as shown at 1, 2, 8, &c., 
transfer the identical form of the tooth at (, to each division 
at 1, 2, 8, &c. ;'from the corresponding points in each tooth, 
as at (, draw vertical lines np to profile view, which will 
give points for the proper form of each tooth, as it recedes 
to the right or left of centre of wheel, and as shown by 
the dotted lines v, drawn from a tooth x placed in its 
position at one of the divisions. Of course, no two 
curves of the teeth on profile are alike. These varying 
forms are drawn in with the moulds referred to in 
Chapter IV., and when thus completed such representative 
lines as the dotted ones n o, being only pencil lines for 
finding diameters in the face e, are not retained. Fig. 208 
is a finished view of a worm wheel made according to the 
process just d 




Tig. im. 



The delineation of screw threads, &c., just described 
natnrally leads to the subject of screw-propellers, which is 
simply the common screw with a fiat thread, the body or 
inner diameter of which is neceaaarily small in proportion to 
those in the examples already described. 

If it is required to find the sections at two or three places 
in the length of arm or blade of a screw-propeller, and to 
show the same in plan, proceed as before by drawing a half 
and view, as at a e b, Fig. 209, and make o n half the length 
of pitch, having the same number of divisions, 1, 2, 8, &c., 
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as in the semi-circamference a e b. From the points h and i 
draw the horizontal lines f h and a i, intersecting the semi- 
circle at F and o, which will be the end view breadth of 
blade of screw. Complete the sides of blade to inner 
diameter m and n, to which also the points e and l corre- 
spond. If the section is in the position o p or q b produce 
the horizontal lines as shown from the points o q and p b 




Fig. 2u9. 

to 8t, uv, in the sides of blade h e and l i in plan, and com- 
plete the curves between sv and tu, which will give the 
section at the psirts required. These sections are found as 
before, from the points where the radial lines in end view 
cut the sectional arcs o p and q b, by producing horizontal 
lines from such points, cutting the corresponding vertical 
Knes 1, 2, 8, &c., in plan, which are common also to any 
diameter of thread lessk than a b, having the same pitch. 

In the subjoined diagrams, Figs. 210, 211, 212, are repre- 
sented front and side views of screw-propellers having two, 
three, and four blades respectively. The dotted lines from 
the front views showing the corresponding points in the side 
views of each. 

In any long objects, such as shafting, when too long to 
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admit of full leogth to the scale on which the drawing is 
being made, the ordinary way is to show it as if broken 





rig. 210. 



FiK 211. 
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Fig. 212. 



Fig. 218. 



through. For iron work, it should never appear too ragged 
at the break. The break is made in the middle of the length 
shown, as at a in diagram, Fig. 218, or at any other con- 
venient place, depending on its surroundings. If it is a 
round shaft, it is better to show the section as in adjoining 
diagram — of an elliptical form, and more especially so if the 
drawing is only to be an outline — the extreme ends being 
finished similar to the object represented. |f it is a square 
shaft, or any other square object, — as at section repre- 
sented 2Xhh; if a hollow beam, or square pipe, — as at c ; 
or a round pipe, or cylindrical object, — as at d ; greater 
thickness of material should be shown at the top and 
bottom than at the sides, in the two latter instances, thus 
showing a little perspective. Breaks in wood, and graining 
to represent oak, as in subjoined diagram, Fig. 214, are 
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executed by the drawing pen ; and in doing more than one 
plank, as shown in diagram, Fig. 215, At a be, where they are 
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Fig. 214. 



Fig. 215. 
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joined at the sides, the break at the ends should be such as 
to show each distinct from the one adjoining it ; and in 

showing a portion of iron plates, 
where two or three are joined 
together, the distinction of each 
plate at the ends should be clear, 
as in diagrams a and b. Fig. 
216. 

In any object where the full 
length is not to be shown, it is 
better to represent it broken off 
than squared off, as the latter 
course would indicate the termination of its length. 
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INEINO-IN A DBAWING. 



As a drawing is a series of boundary lines, the lines should 
be as line as possible, especially for a drawing which is to 
undergo the process of shading. The ink should not be so 
black for the latter purpose as for a drawing that is to be 
only an outline, so that the light lines may blend into the 
colouring. Lines for such drawings should be as nearly as 
possible " length without breadth." ♦ Summer is the best 

* Lines should never be drawn of such a thickness all over as to 
suggest tlie question, Whether the right size was to be obtained from 
* ^ outer or inner side of line ? 
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for ontlines ; for the paper being more dry, a clearer line 
can be drawn. In winter the paper will get damp under 
the best circumstances. A clean sponge, a tmnbler of clean 
water, and a sheet of clean white blotting-paper, should 
always be within reach, in case of any accident happening to 
the drawing.* 

Before rubbiiig down the Indian ink, it is necessary to 
have the palette quite clean and free from dust.f 

In not inking-in a drawing of an intricate kind until all 
pencilled in, the first pencil lines are apt to get obscure and 
cause confusion, to obviate which it is better to ink-in such 
a drawing as the pencilling proceeds, taking care always to 
put in the parts of the object supposed to be nearest you 
first. This method is especially advisable when the drawing 
has to be in hand for a lengthened period 

The ink should be at least a quarter of an inch up the pen 
or compass ink-foot. If a little brush is used, with which to 
supply the pen, it is better to keep it exclusively for such 
purpose, as it will be almost useless for any other after. A 
little slip of paper may be used, but the common plan (not 
the most cleanly) is to moisten the ink-foot in the mouth, so 
that capillary attraction will cause the ink to ascend. The 
mouth should be well washed out with water after meals, as, 
if the pen is the least greasy, the ink will not flow freely. 
The superfluous ink should be wiped clean off from each 
side of the pen, or it wOl probably blot the drawing. It is 

* Should a drawing get an ink blot, the blotting-paper should be 
applied first, and if clear of any lines on the drawing the place sponged 
immediately after, and if among lines, the part should be washed with 
a small hard brush instead of using the sponge, and the line renewed 
with very thin Indian ink, or with a hard fine- pointed pencil, or it 
will never be one with the other lines owing to the roughness of the 
part after the process named. 

t A common card, bent up half an inch at one end, will be found 
useful upon which to place the Indian ink cake immediately after 
using, otherwise it is likely to soil everything with which it comos 
into contact. 

Note. — A little ox-gall mixed up with the ink assists it to flow more 
freely from the pen. It is sold in little pots at ^U. each. 
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better always to try the pen or ink-bows on the margin of 
th^ paper, taking care not to come within the cutting-off line 
of paper referred to in Chapter XTT., before drawing the 
required lines or circles, so as to regulate the pen to the 
proper fineness. All ink circles or curves should be put in 
before any lines,* and any parts of circles inconveniently 
small for ink-bows should be put in with a fine-pointed 
metallic crow-quill. 

In using the ink compasses, the lower part of the legs 
should be as nearly vertical as possible. If it is attempted 
to draw too large a circle, the legs being at a great angle, a 
large hole will be made in the paper at the centre of the 
circle ; in a proper drawing the compass centre marks should 
hardly be seen. The ink leg, especially for small circles, 
should be shorter than the other. In drawing a circle the 
compasses should be held by the top, by the right hand 
(without holding the centre leg during the process in its 
position by the left hand) ; and in inking, the ink leg should 
be made to bear as lightly on the paper as is necessary to 
produce the circle. It is always necessary to see that the 
radius of ink compasses fits the pencil circle all round before 
touching the paper with the ink point. The reason for 
drawing in the circles before the lines is, it is easier to 
join the lines to circles the least thing '^ ovt " than to join 
circles to lines a little out of the right place. 

In drawing a series of concentric circles, when not of 
large diameters, it is better to make the smallest first ; 
for if the compass leg enlarges the hole in the centre, 
which it is likely to do after describing many of them, 
it would be more difficult to draw in the lesser circles 
correctly. 

* If a larger circle has to be made than the ordinary lengthening 
bar will admit of, and to save the expense of beam compasses already 
refeiTed to in Chapter lY., a piece of flat wood tied securely to the 
compasses, and having the ordinary ink-foot tied at the other end at 
the proper distanr^ for the reqniml radinH, will be found to answer 
ourpose. 
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The drawing-pen should ho held as nearly vertical as 
possible ; bnt to get the point close to the lower part of the 
edge of the square — ^the top of the pen should be held with 
the least inclination outwards. The pencil line should just 
be visible ; the square should be held firm in position to the 
board by the left hand, as in pencilling ; and in drawing the 
line, if the points of the drawing-pen are not held in the 
direction to be drawn, it will leave the edge of the square 
(supposing the forward edge of points are inclined outwards). 
As a safeguard against such mistakes, some pens have the 
holder made with a part of it square. The pen should not 
be pressed unduly on the paper, or it will make a rough 
line. The line should be drawn always from left to right, 
and never in the opposite directio^. After having got in all 
the circles, it will be found convenient while the square is on 
the board in one direction to draw all the horizontal lines 
£rst, beginning at the top, until the lowest is reached ; and 
then, with the T-square shifted to the bottom edge of the 
board, beginning at the extreme left, draw in all the vertical 
lines. 

A wrong line should never be scraped out with a knife, 
neither should an ink eraser be applied, especially in a 
drawing to be coloured. It is best to wash out a wrong 
line with a small hard brush, and slightly sponge over the 
place, through a hole of the requisite size cut in a scrap of 
drawing-paper to save the other parts of the drawing. A 
needle point will take out a short line in a way which leaves 
little trace of the error. The line should be renewed with 
thin Indian ink, or a hard fine -pointed pencil, as before 
stated. 

In sections of boilers, &c., where the thickness of iron 
plate is shown in section to any scale under three-eighths of 
an inch, it is better to make it a thick black line, a little 
thicker than any shade line, if any, in the drawing. 
Sections of the same material, when the scale is above 
three-eighths of an inch to a foot^ should have a double lino. 
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In office outline drawings for reference, it is frequently 
the custom to outline the cast iron in Indian ink, the 
malleable iron in blue, the brass in yellow, and the copper 
in red. 

A drawing to be coloured should never have any dotted 
lines indicating parts of the machine not visible to the eye, 
as those parts are made visible by the lines. A highly- 
finished coloured drawing may not be a perspective view, 
but still it is intended to be a picture. Dotted lines, there- 
fore, should only appear in common or working drawings 
intended for reference, where they are very usefd. 

Sections of end wood should be circular, especially if the 
drawing is only to be outline, to distinguish it from iron or 
other section, which s}iould be straight and at the angle oi' 
45^. The wood can be done with the ink compasses and 
Indian ink if for outline drawing only, and with wood colour 
if a coloured drawing. In drawings to about one inch to a 
foot, if the grain circles are to be equidistant, spring bows 
ara the best for the purpose, as one whole turn of the nut 
will open the ink foot to the required distance after drawing 
each circle. If more than one beam end is shown, the 
centre of the grain circles should be in a different position in 
each section ; and there is more need for this variety when 
the ends are joined close together, as at a, 6, c, Fig. 217. 

Sometimes wood sec- 
tions are shown by alter- 
nate thick and thin straight 
diagonal lines, as at d. 
Fig. 217. either in Indian ink or 

wood colour. These can be made with either parallel rulers, 
or with a little wooden angle of 45° moved along the edge 
of T-square, kept firm on the board by a weight on each 
end, and which is more to be depended on than the former, 
or with T-square set at the proper angle by shifting the 
stock, drawing all the lines fine in first process, and making 
-"^ch intermediate line thicker after. It frequently happens 
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that beginners cannot do these lines very equally apart, and 
when two lines are much wider than they should be they fall 
into the second error of bringing the next line closer than all 
the rest to make up for the wide space, instead of gradually 
coming to the proper width again. When two sections or 
more of end material come close together, it is better to 
reverse the angled lines of section, leaving a clear little space 
at top and left side (or side the light is sup- 




posed to come from), as shown at a and 6, jj^ 
Fig. 218. 

In every section of the same kind this should rig. 218. 
be observed. The light space should not be shown where they 
join when flush or straight across. This will be more par- 
ticularly referred to in Chapter XYI., on shading and colour- 
ing. In engraved work of machinery, &c., where there are 
sections across material like that already referred to, it is a 
common thing to have the angled lines in the same direction 
throughout, as shown at Fig. 219 ; and it seems to look better 
thus in an engraving than in a drawing 




owing to greater regularity. This process 

is called hatching. It is almost needless 

to remark that no such sectional lines on 

transverse sections are ever pencilled in before inking in 

drawings under one inch to a foot, though large sections 

with the distance between each sectional line being ^th or 

ith of an inch, would, to look symmetrical, be divided by the 

compasses. 

A drawing gone over in the manner described, with fine 
ink lines, may be considered for some purposes a finished 
drawing, without shade lines, colouring,* or printing,! the 
superfluous pencil lines being rubbed out previously to cuttin^i 
off the sheet.t 

* If the drawing is to be shaded, and should the lines not be so fine 
as they ought to be, a slight spongpiog over them wiU take off the 
superfluous ink, which would be apt to run in shading. 

t For which see Chapter XVII. 

% For cutting off see Chapter XXIII. 



136 



INKING-TN A DRAWING. 



Shade lines.* — Shade lines, especially in an outline draw- 
ing, are considered by competent judges of such matters to 
be an improvement. They seem to throw out the projecting 
objects, as well as give effect to a recess, the line thicker 
than others adjoining showing apparently the side of the 
object very much foreshortened ; f for which reason it is not 
correct to put a shade line on the side of anything cylindrical, 
though for uniformity's sake a line a little thicker than the 
fine lines of the drawing, but not so thick as on the objects 
with a square side, is necessary. If they are to be put on 
an outline drawing it is better to finish the drawing first by 
the ordinary fine lines than altering the pen for thick and 
thin lines every minute. Shade lines are frequently oljected 
to in either outline-finished, or coloured drawings ; they are a 
matter of taste. When coloured drawings are to have such 
dark lines they should never be put on till after colouring, 
otherwise the brush in coming over them would cause them 
to run and blot. The ink for such purposes should be as 
thick as it will flow from the pen. A single shade line put 
01) the wrong side of any part of a drawing by mistake would 

destroy the effect of the whole, 
whether for an outline only or a 
coloured drawing. 

In engineers' drawings the 
shade lines are generally put on 
the right and bottom sides of 
projections, as shown at a and 
h, Fig. 220 (the same as the sha- 
dows in their shaded drawings), the tops and left sides being 
opposite the light. 

In drawing a shade line on a circular projection, as at c, 

• If a drawing is to "be varnished, the shade lines should not be 
put on until after the sizing ; and in all shade-line work indigo should 
never be used instead of Indian ink. 

+ Shade lines Are therefore not suitable for isometrical or perspec- 
tive drawings, the sides, &c., of the objects in such drawings being 
fairly represented. , Drawings for working to should never have them. 
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Fig. 221, or on a circular recess, as at d, the tliick lines should 
gradually terminate at a line drawn through the centre of the 






I 




Fig. 222. 
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Fig. 221. 

circle at the angle of 45" to a 
horizontal line ef. This will be 
better understood after a perusal 
of Chapter XV., on Projection of 
Shadows. Shade lines should 
never be put on any plan of a 
P3nramid or conical projection, or 
recesses of similar form to those 
having the sides bevelled to the 
extent shown in diagram a. Fig. — 
222. A projection or a recess hav- 
ing as little bevel as at c might be 
improved by having slight shade ^%- 228. 
lines. 7n drawing the shade line on a circle a fine line 
should be made first, the ink points should then be opened a 
little after each time, and coming two or three times over where 
the line is to be thickest. The thickness ought to lessen 
gradually to the points already described, and should never 
exceed the half circle. 

In shade lining a cylindrical object, as a, Fig. 228 (of which 
B is an end view), if the plane e was in a line with the centre, 
as shown in view b, or above it, as at /, there should be no 
shade line from g to A, where the plane intersects ; but if 
the plane was below the centre of cylindrical object the shade 
line should be continuous on it. 

In a figure such as a hexagon or six-sided nut there 
would be three difierent thicknesses of shade lines, that at a. 
Fig. 224, furthest from the light, being the thickest ; the line h 
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approaching nearer to the light, being finer, c finer than h, 
and e, e, e, more or less nearly opposite the light than the 
others, being ordinary fine lines. Each individual straight 
shade line shonld be of nniiorm thickness. Every shade line 






T 



should be of a thickness regulated by its being more or less 
from the light side, as shown in the last and adjoining 
diagrams, Fig. 225. 

In making a shade line on a short length of a segment of a 

circle, of large radius, a mould will 

be found more convenient than any 

compasses. 

The shade lines on bi-eaks of wood 

or iron should have as much at- 
tention as the shade lines on any piece of machinery 
adjoining, as it is by attending to the details of apparently 
little things as well as the apparently greater, that makes an 
effective whole. There should never be a shade line as a 
base line for any elevation supposed to be standing on any- 
thing.* 




Fig. 225. 
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The rays of an artificial light placed near to any object 
vertical to a plane and of itself parallel, project a radiated 

* Before layiup^ aside the pollette it should be washed clean, as old 
dried ink when moistened again is apt to run in tho colouring, and for 
•»n outline only it wiU rot. flow from the pen so freely. 
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shadow, as shown in diagram, Fig. 226, a being the position 
of the light, b the object, and o the shadow of the object 

a 

A 

I 





A 





Fig. 327. 



Fig. 226. 

projected by the light, the sides of the shadow being in a 
direct line with the light. 

In projecting shadows in mechanical drawings the light is 
supposed to be at such a distance as to come in 
apparently parallel rays ; and assuming for our 
purpose that they are so, it is obvious that the 
projection of the shadow will be in parallels, as at 
ef, Fig. 227 ; or let e. Fig. 228, be a cylindrical 
object, and ah & plane placed at right angles to 
the rays of light d h or c i, the exact diameter of the object 
e will be projected on such plane at I m^ and having the sides 
of the shadow parallel to each ^ 

other though the plane is or 
is not parallel to the cylinder, .p 
If the plane bo oblique to the 
rays of light as shown at /^ 
the shadow is increased on the 
plane to the breadth h i, the 

shadow having its sides parallel \jr 

whether the plane f g is or is rig. 'jtb. 

not parallel to the cylinder. 

In engineering drawings the shadows are generally under- 
stood to be projected at the angle of 46°, and inclined also 
at that angle from a projecting object towards the right hand. 

The angle of inclination at i5P is projected with facilit'*' 
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by setting off equal distances on the base and vertical lines 
of any rectangular part in a drawing. The length of the 
shadow is measured from the object on the diagonal (or 
angle of inclination), and is equal to the projection of the 
object from the plane.* 

It is impossible to project the shadows of any object cor- 
rectly on any drawing of which there is only one view, and 
which is to be shaded, if the several projections on sucU view 
are not exactly known. In such instances the only alter- 
native is to make undefined shadows as to their length or 
breadth at the ordinary angle from any of the parts obvi- 
ously known to project, and to soften them off with the 
water brush. In intricate drawings of machinery, even 
where all the projections are known, if every shadow were 
projected and put in distinctly with a hard edge of the pro- 
per outline (as would be done in a plain drawing having few 
parts and details), it would have much the same effect, when 
shaded, as a well-used sheet of blotting-paper ; in such cases 
it is better to soften off most of the shadows. 

Pbojection op shaix)ws. — First Series. — The plans and 
elevations being given, in all cases the plans are invariably 
understood to be directly opposite their elevations, and their 
side views opposite their front views. In projecting the 
following shadows the angle of 45*^ is that in which the 
parallel rays of light are supposed to come. 

In the following examples the plane on which the shadow 
is projected may be considered either horizontal or vertical, 
the shadows (according to the ordinary system) being iden- 
tical.! In drawing the angular lines the T-square and little 
wooden set square, having an angle of 45° bearing on it, as 

• Frequently in architectural and other drawings the shadow, mea- 
sured from the object on the angle of inclination, is of greater leng^ 
than the projection of the object from the plane; neither is the angle 
of inclination in such drawings always 45®. See also note, Fig. 260. 

t The process in the Second Series of the Projection of Shadows is 
also applicable to the examples given in this First Series ; but the 
shadow being projected on a horizontal or vertical plane, renders such 
application less necessary. 
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indicated in position in the following diagram at e. Fig. 229, 
should be used throughout as being best calculated to faci- 
litate the operation. 

To project the shadow of a square column, having its opposite 
sides parallel^ on a plane at right angles to it, 
' Let A, Fig. 229, be the plan, and b the elevation of column. 
From the points h, m, k, draw the 
lines h i, mn, and kl &i the aforesaid -A 
angle ; on the line h i from the point 
h, set off the height of column c d 
at ; repeat the same from m at the 
point p, and from k at the point r ; 
join p and p r ; h o p r k will be 
the projection of shadow required. 
It will be obvious that the termina- 
tion of the shadow is a fac-simile Fig. 229. 
or counterpart of the plan of column. The process described 
is given as being more explanatory, but in the examples 
which follow it will be quite unnecessary to repeat it. In 
actual practice, having first found the length h Oj equal to 
the length of column d c, the point would be quite sufficient 
for findings the other points at p and r, for p being parallel 
to the sides of column m h, the right- 
angle side of set square bearing on the 
T-square and placed at the point 0, 
would, by drawing the line p, find 
the point p, and since p r is also 
parallel to the side of column m k, the 
T-square placed at the point p already 
found would draw the horizontal line 
p r, thus completing the required sha- 
dow without setting off the lengths at p 
and r, as in the first process shown. ^^e- ^so. 

To project tJie shadow of a cylinder on a plane at right 
angles to it. 
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Let A, Fig. 230, be the plan, and b the elevation of cylin- 
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Fig.3Sl. 



'^r. From the point e, the centre of cylinder a, draw the 
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diagonal e g ; from the point e set off the distance ef equal to 
the height ed oi elevation b ; from the point/, with a radios 
equal to half the diameter of cylinder, describe the semi- 
circle k Im; from the points k and I draw the lines i and h 
parallel toeg, which will be the projection of shadow required. 
In the j^receding examples, Fig. 281, the projections of their 
shadows are found in a manner similar to those already de- 
scribed, and will be understood by the dotted lines, a are the 
plans, and b are the elevations of the several objects, which 
are at right angles to the plane on which their shadows are 
projected ; and in each case the length cd in plans a is equal 
to the height/ e of elevations b. 



To project the shadow of a square tapered column on a plane 
at right angles to it. 

Let A, Fig. 282, be the plan, and b the elevation of column. 

From the three points I, m, n, pr^ -pLf 

in top of column o, draw the ^^ y I \ 

diagonal lines — as if the column a 
were parallel; on these lines, 
from the points I, m, n, set off 
the distances I i, m d, and n k, Jt, 
each equal to the vertical height 
e f in elevation b. Join g r, 
id, d kf and k h, which will be 
the projection of shadow re- 
quired. 

To project the shadow of an 
obelisk on a plane at right angles 

to it, g. 252. 

Let A, Fig. 288, be the plan, and b the elevatipn of object. 
As in last example. Fig. 282, set off the length of the sides at 
h and i, equal to the vertical height I k in elevation b, and 
from the centre o of plan a set off the distance o g on central 
diagonal line equal to entire height f e of elevation b from 
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base line. Join d hy h g, g i, and % n, which will be the pro- 
jection of shadow required. The projection of the shadow 
at the side of the pedestal in plan a is eqnal to the heights a 
&c,f in elevation b set off on the diagonals r st and uv y. 




B i 



Fig. 238. 



To project the shadow of the side of a cylindrical recess 
between two planes at right angles to it. 

Let Ay Fig. 284, be the plan/ and b a section showing the 
depth of the recess. It is required to project the shadow of 
the upper -paxtf g k on the inner plane c. 

Through the centre h of circle, or recess, draw the diagonal ; 
from the centre h set off the distance hi on the diagonal 
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eqnal to the depth deof recess in section b ; from i as centre, 
and with a radius equal to half the diameter of recess, 
describe the circle I m n, which will be the projection of 
shadow required. 

To project the shadows in a series of square recesses, the 
planes of each being parallel. 

Let A, Fig. 285, be the plan of the object, and b a section 



*!>■ 






Fig. 334. 



Fig. 235. 



showing the several depths. Draw the diagonal c d; set off 
the distance c n equal to the depth g hy in section B^eo equal 
to the depth h i, and fp equal to the depth i k ; from the 
points n, o, and p in plan a draw lines parallel to cm, and also 
from the same points lines paralled to c Z, which will be the 
projection of shadows required. 



To project the shadow of a vertical square parallel column 
into a parallel plane recess, and upon the plane adjacent. 

Let A, Fig. 286, be the plan, and b an elevation of the object. 
Proceed as in Fig. 229, making the distance cdin plan a equal 
to height e f in elevation b ; c d g hi will be the projection 
of shadow required. 



7R(»ECn0ir OF SHADOWS. 



To project the skatUrtB of a v^tUMl square parallel column 
into an adjacent parallel plane reeett. 
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Mb. 836. ng. as7. 

Let A, Fig. 287, be a plan, and b an elevation of the o^ ect. 
Proceed as in Fig. 229, making the dietauco c i in plan a equal 
to the height « / in elevation b; cdgki will be the projec- 
tion of shadow required. 

To project the ihadows of square parallel columm lyitig 
obUguely to a pUtne, 




Let A, Fig. 288, bo tho plans, and b the elevations of the 
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objects. From tiie points d and i in plans a draw the diago- 
nale, set off the distance d e eqnal to the height ^ / in eleva- 
tions B, and i k equal to the height { m, and join k e, kh, also 
the sid£B n e and k o; n e k h o vill be the projection of 
ebadow required. 

Note. — When the object is at the angle of 45° with the 
plane, and also inclined in the plan at that angle, as in the 
-diagram at o, the sides of the shadow will be vertical as 
ehown. 




Hg 33» 



To pryecf the ahadou! of a square paraUel eobtmn on too 

parallel planes recessed, the column being oblique to the planes 
at an angh of 45°, and also inclined at 46° in its plan 

Let A, Fig 2S9, be the plan, and b tite ele^ition of the 
objects. In plan a the dotted hnes c c will represent the 
shadow as projected on the inner plane (as m last example, 
Fig. 288). For the projection of the shadow on the upper or 
oater plane, set off the distance d e on the diagonal equal to 
the vertical height J g m elevation n, and the distance t ' 
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eqnal to the vertical height I m ; also set off the same dis- 
tance h n from the point h ; from the points e and n draw the 
vertical lines n o and e p, which, with those htekn and e c, 
will be the projection of shadow required. 

To project the aJuidow of a square pardUel column on two 
parallel planes recessed; horizontal in plan, and inclined 
between 9(f and 46^ in its elevation. 

Let A, Fig. 240, be the plan, and b the side elevation of the 
objects. Set off the length c d on plan a eqnal to the vertical 
height ^ / on elevation b ; draw <; A in the direction g d, and 




Fig. 240. 

draw i k parallel to g h; g h and t k will be the projection of 
the shadow on inner plane. On first diagonal line c d set off 
the distance c m equal to the vertical height If in elevation 
B, draw m n parallel to g d, also set off the same distance 
I f from r at s, and the distance t o equal to the vertical 
height t; x ; draw o p parallel to m n, and join m s and so; 
nmsop will be the projection of the shadow on the outer 
plane, which with that on the inner plane will be the shadow 
on both as required. 
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To project the shadow of a square parallel column on a 
pedestalf being a plane, also on a plane adjacent and parallel 
to it; the ohjecte being horizontal in plan, and the column 
inclined between 90° and 45° in iU elevation* 

Let A, Fig. 241, be a plan, and b the elevation of the 
objects. Draw the diagonals 
from c, &o., on which set off the 
distances c d and d w, each equal 
to the vertical height ef in 
elevation b, and the distance 
V X eqnal to the vertical height 
b z, and join d w and w x. In 
plan A produce the line o Z to 
k; h being the point on base of 
column if produced to lower ^ 
plane (corresponding to the 
point i in side-view b). From the 
point d in plan a draw dn in 
the direction d k, and from the 
point X draw x o parallel to 
d n ; this will complete the projection of shadow on lower 
plane, which will terminate at n o, being its intersection with 
the line of shadow of pedestal t u. From the point of inter- 
section of column with upper plane at I (corresponding to m 
in elevation b) draw I h parallel to k d, and from the point 
of intersection of column with upper plane at a (correspond- 
ing to the point a! in elevation b) draw a g parallel iolh. I h 
and a g, on upper plane, and n d w x o, on lower plane, 
will be the projection of shadow required. 

The projection of the parallel shadow of pedestal at y y is 
found by setting off the height of pedestal a rin elevation b, 
on the diagonals q p and qt in plan a. 

Note. — The projections of the shadows of inclined objects 
of various cross sections are found in a similar manner to the 
preceding ; that of an inclined cylinder is found by completing 
the ellipse (see Chapter XI. Fig. 180) at its intersection w^^^ 




Fig. 841. 
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the piano, and drawing lines tangentially (as at Fig. 230) for 
the two sides of the shadow to the projection of its upper 
end, which will he at 45^ from the top of the ohject ; the 
shadow will be broader than the diameter of the cylinder if 
inclined otherwise than directly from, and towards the light. 

To project the shadow of a square knee — in its section square , 
on a plane at right angles to it. 
Let A, Fig. 242, be the front and b the side view of the 
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object. On the diagonal from d set off the distance d e equal 
to length/^ from the plane in side view b, set off the same 
distance from n at m and from k at Z, join em and m U Also 
with the length a c in side view b set off the distance d r and 
X in front view a, and join o r ; from the point o draw a 
vertical line, and from the point t (corresponding to the upper 
edge a c in side view) draw a diagonal parallel to d e, inter- 
secting the vertical line drawn from o at s, completing the 
projection of shadow required. 

To project the shadow of a square parallel object, inclined, 
and projecting from the side of a plane at right angles to it. 

Let A, Fig. .248, be the side view, b the front view of the 
object, and f the plane upon which the required shadow of 
the object is to be projected. From the points d and h, where 
the vertical line (or side of plane) c e intersects the side view 
of object A, draw the horizontal lines d g and h i ; and from 
the points k, I, m, in the end of front view b draw the 
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diagonals ; with the harizontal i 

from the point k in front view b, set off the length k n ; 

with the borizontal distance t u bom the points l and n 




off the length t o and m p ; join g n, no, op, and p i, the 

lattet interseoting the side of plane at ;r. g n o p x will be 
the pojection of ahadow required. 

To prtqect the ihadowt of parallel objects radiated from a, 
common centre, vshoie lengths are egutd from the centre, and 
projecling from the side of a plane at right angUt to them. 

Let A, Fig. 244, be the side, c i 

B the front views of the objects, 
and V the plane npon which the 
shadows are to be projected. 
From the point k, corresponding 
to the point « in side view of ob- 
ject A, draw the diagonal ; from 
Uie point k, where the side of the 
I>Une e e intersects the radial line 
w I, draw a horizontal line k g, 
intersecting the line of plane i x 
at g ; from the point k set off 
on the diagonal the length A l '*■ "" 

oqnal to the horizontal distance r > in side view a, and join 
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gU gl will be the projection of the shadow on the plane p 
of the radial A « in side view a. Proceed in the same way 
with the other radials ; mno p q will be the projections of 
the shadows required. 

Note. — When these radial lines or arms have a periphery, 
as shown in Fig. 245, of which a represents the side and b the 

front views ; if lines, as at d/, 
at any distance apart be drawn 
at right angles to o e (instead 
of being radiated as in the 
other), and produced horizon- 
tally to i X, and diagonal lines, 
as g hy &c., be drawn from the 
\}i several points of intersection, 
and the horizontal lengths df^ 
&c., be set off upon the re- 
spective diagonals, it is obvious 
that they would give points 
for a curve coincident with a 
curve projected from a periphery, 
on the extremities of the radiated lines as in Fig. 244, the 
position of plane, centre of circle, and radius being the same 
in either diagram. 




Fig. 345. 



To project the shadows of sernicitcular objects on the three 
sides of an octagon at right angles to the plane bounded by the 
three sides. 

Let A, Fig. 246, be the plane upon which the shadows are 
to be projected, / the plans of the objects (supposed to be of 
imperceptible thickness). On each plan of object / draw their 
elevations b, o, d : divide them by any number of equally 
distant lines / e, and at right angles to the sides of the 
octagon. (Equally distant lines, though not quite essential, 
are convenient, for when each of the objects is similarly 
divided from its centre, one measurement on one divisional 
iiT»<» on either side of its centre line will set off six of the 
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equal lengths required on the diagonal). From each of the 
int^^eectional points OS the tines/draw the diagonals; aetoff 
the lengths / g, &o., equal to the corresponding heights / e, 
Ik., a cnrve line passing throngh the points will be the 
projection of shadow reqnired. 




ng.3«. 
Note. — ^It will be obvious that the shadow projected from 
h» semicircniar object o vill also be a semicircle, and the 
■orre projected from b and d also similar to each other but 
n different directions. For any figures of irregolsr form the 
iFocess wonid be the same. 

To project the shadow of a ha^f cylinder on. a plane atrigkt 
angUa to its ends. 

Let A, Fig. 247, be the plan 
of the object, and d the plane 
npon which the shadow is to 
he projected: draw a semi- 
circniar elevation b and c on 
each end of object, and pro- 
ceed exactly as in Fig. 246, 
with the divisional lines on the Hg. S4i. 

tlevations, drawing diagonals from their intersectional points, 
H S 
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and Betting off the heights on the respective diagon&Ia. It 
will be observed that the inner circle b is chiefly that iduch 
is required, only a part of the npper eemicircle o being re- 
quisite for projecting the part of its shadow towards the right 
hand ; curved lines passii^ throngh the points joined at 
their extremes by the vertical line « / will be the ^xijection 
of shadow reqniredt 




plane parallel to 



From the preceding examples, the shadows projected by 
entire discs or cylinders, as in the accompanying example, Fig. 
248, will be easily understood by the dotted lines, mnch further 
exphtoatiou being unnecessary : the lengths in the elevations 
of the objects being set off on their respective diagonals as 
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heretofore, either from a base line a h, or the half breadths of 
the circles at their divisional lines, may be set off on a pro- 
jected centre line c don the corresponding diagonals. Having 
thus found the several points and drawn in the carves, the ex- 
tremes of each pair are joined by the straight lines/, vertical 
and horizontal in the two diagrams respectively. As in^ 
previous example (Fig. 247), it is only a part of each circle 
that is required for projecting the entire shadow, that, as 
projected at^ A, drawn simply to show the process, being 
discarded. To prevent confusion the diagonals are omitted 
from the outer circles, the process being the same as for the 
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Fig. 249. 




inner circles. Having found the several points as indicated, 
the outer curves passing through them will be the projection 
of shadow required.* 

Note. — In drawing the curves projected by the rays of 
light through a circular aperture having its sides parallel, in 
any material object of parallel thickness at right angles to & 
plane, as shown in the diagram. Fig. 249, the process for 

* In projecting snch shadows in a drawing where there are a 
number of carves similar to each other, having projected one cor- 
rectly, the simplest way is to trace it and transfer it to any other 
positions where requisite. Such process is referred to in Chapter XIJ 
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finding the points of projection wonld be similar to that just 
described at Fig. 248 ; the difference being in the retention of 
the part of the ellipses c din the present instance, discarded 
in the last example, and also the discarding of the parts x 
and y ; neither would there be straight lines at the extremes 
of the curves, ode/ would be the projection required. 

To project the shadow of a bracket on a plane at right 
angles to it. 

Let A, Fig. 250, be the front view of the object from which 
the projection of shadow is required. Draw a side view b of 







v\<£ 






Fig. 250. 

the object ; divide it by any number of horizontal lines as 
shown ; produce them to the right-hand side of front view a ; 
from the points of intersection draw the diagonals ; set off the 
length c d equal to the distance ef,gh equal to i k, and so 
on. A curve line passing through the points d h, &e., will 
be the required curve for the right-hand side of the object. 
As the projection of a part of the lower left-hand side of 
bracket is required, repeat the process, using the intersections 
of the horizontal lines on lefb-hand side of bracket, join the 
lower ex^emes of the curves by a horizontal line Z, which 
will complete the projection of shadow required.* 

In ogee mouldings the projections of their shadows are 

* In actual practice, haying found the shadow of. lower part of 
bracket for right hand side,' trsmsfer by tracing for the left hand side, 
and join them by the horizontal line /. Process explained in Chapter 
XII. 
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similarly performed, as shown in subjoined diagram, Fig. 251, 
A being end views, and b plans of the objects referred to. 
Transfer the end views a to the 




K 





Fig. 251. 



plans B, as shown by the dotted 
cnrve lines e ; divide e by vertical 
lines as shown, draw the diagonals 
from the intersectional points in 
the lower lines c c, set off the 
several heights on their respective 
diagonals (if each of the dotted 
end views aXee are equally divided, 
the same lengths on the corre- 
sponding diagonals are applicable in each) ; curved lines 
passing through the points will be the projection of the 
shadows required. 

To project the shadow of a straight flange on a plane, being 
parallel and at right angles to it. 

(Note. — The flange may be either horizontal or vertical, as 
in subjoined diagrams.) Let a. Fig. 252, be the front view of 
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the plane on which the shadow of the flange «/is to be pro- 
jected, and B a plan of the objects ; draw the diagonal on 
front view a, on which set off the length a h equal to tho 
distance c d m plan b, and through the point h draw the 
straight line g h parallel to the line of flange e f; g h will be 
the projection of shadow required. 
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NpTJs. — ^A plan is not required as far as regards the pro- 
jection of the shadow on a front view, when the projecting 
part of the ohject is straight and parallel to the plane on 
which the shadow of the vertical or horizontal ohject is to be 
projected, if the projection is known. For instance, if the 
distance of the projecting part g h, Fig. 268, is known to be 
6 inches, then 6 inches taken from the scale to which the 
drawing is made and set off on the diagonal si cd wonld give 
the point through which to draw a line e f parallel to the 
projecting part g h, as explained at Fig. 252, the projection of 
shadow required on the plane a. 
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Fig. 253. 



Fig. 254. 



To project the shadow of a bevelled flange on a plane at 
right angles to it* 

Let A, Fig. 254, be the front view, and b a plan of the 
object. From the points a and c on the lower line of flange 
efin front view A draw the diagonals, from the same points 
a and c draw the vertical lines a i and c k ; with the distance 
liin plan b set off the length a ^ on the diagonal, also the 
distance m A; on the di^onal c d» Through the points b and d 
draw the line g d, intersecting the side of plane at A ; gh will 
be the projection of shadow required. 



To project the shadow of a circular flange on a plane at 
right angles to iU 

Let A, Fig. 255, be the front view, and b a plan of the 
object. Produce the line c din plan b to i, divide the line 
t d into any number of parts by vertical lines, as shown at 
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h n, &c. ; produce them to the lower line of flange e f in 

front view a; from the points of intersection draw the 

diagonals ; with the distance h g in 

pl^ B set off the length I m, also 

with the distance n c set off the 

length q p, each on their respective 

diagonals, and so on with the other 

distances in plan b on the diagonals 

in front vjew a. A curve line m k 

passing through the points will be 

the projection of shadow required. 




in 






Flg.2S5. 



To project the shadow of a ring on a plane at a given 
distcmcefrom and parallel to it, 

FiBSTLY, having its section rectangular (upper diagram.) 

Let A, Fig. 256y be a plan, b a side view of the object, c d 
the line of plane, and feihe distance of the object from the 
plane. Through the centre of ring i, in plan a, draw the 
diagonal ; from the centre i set off the length i A; on the 
diagonal equal to the distance of ring ef from the plane c d ; 
also from the point i set off the length il on the diagonal 
equal to the distance hg (the distance from the plane cd to 
the top of the ring b) ; from the point k in plan a, with a 
radius equal to the radius of outer part of ring, describe the 
semicircle mno, and from the point /, with the same radius, 
describe the semicircle pqr ; join with straight lines o r and 
mp, the two semicircles described. From the point I on the 
diagonal in plan a with a radius equal to the radius of inner 
part of ring describe the part circle stu^ and from the point 
k with the same radius describe the part circle svu, which, 
with the outer part already described, will be the projection 
of shadow required. 

SEC0in>LT, having its section circular. 

Let A (lower diagram) be a plan of the ring. Through the 
centre w of the ring draw the line a; ^ in the direction of the 
light, also through the centre w draw a line za Sii right 
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angles to ay. At any convenient distance draw a line of 
plane c d parallel to ay. On z a, as a centre line, draw a 
side view, b, of the ring at its distance from the plane c d. 
At each end of the side view b draw sections v and u of the 
ring corresponding to the sections e and / in the line x y. 
To these draw tangentially, at the angle of 45^ to the plane 
e d, the lines g and h^ intersecting the line of plane cd a,ii 
and k. From the points i and k draw lines Z,m, each 
parallel to the line z a, intersecting the line a; ^ at n, o, which 
will be points for the shadow. From each side of the thick- 
ness of ring r and s, on either side of the diameter of ring 
in plan a, draw lines parallel to ay, and from the corre- 
sponding point t in the centre of the thickness of the ring in 
side view b, draw the diagonal t b intersecting the line of 
plane cd in h, from which point draw a line parallel to za 
intersecting the lines drawn from r and s at 1, 2, 8, 4, which 
will also be points for the shadow. Take any other sections 
in the plan of ring a, as at 5-6, and draw corresponding 
sections (see subjoined note) in side view b as shown, and 
proceeding as before for ad- 
ditional points, curve lines 
passing through which will 
he the projection of sha- 
dow required. 

Note. — Tofind thepoints 
for describing sections such 
as that referred to, let a b, 
Fig. 257, be the outer and 
inner circumferences of a 
ring, circular in section, ^ 
and c d the line of section 1. 
in plan of ring. Through I 

any points eff^g, in c d. Fig. 257. 

draw the radial lines hi,hk, and h I from h, the centre of 
the ring. On each of the radial diameters draw semicircles as 
shown, and from the intersectional points «,/, g, draw the 
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lines eOffn, and g m, at right angles to the respective radial 
diameters. Let;? q he the centre line of the figure to be de- 
scribed. From c and d draw the lines r and s at right angles 
to the line p q (Fig. 103, Chapter XI.), giving intersectional 
points for the length of the figure. From the points e, /, g, 
draw lines t, u,v, each parallel to r or «, intersecting the line 
pq2ki X, y, z. From the point x with the distance e o set off 
X 1 equally on each side of the line p q. From the point y 
with the distance fn set off y 2, and from the point z with 
the distance g m set oS zS, A curve line drawn through 
1, 2, 8, and the points of extreme length already found, will 
be the figure required. 

To project the shadow of a sphere on a plane. 
Let A, Fig. 258, be a plan of the sphere from which the 
shadow is to be projected. From the centre of sphere h draw 
the diagonal cd, and through the same centre, h draw a 
line eff at right angles to c d. At any convenient distance 
draw a line g A, parallel to c d, which will represent the side 
vicTw of the plane upon which the shadow is to be projected. 
From the point t, as a centre, draw the side view b of 
sphere tangentially to the line g h ; divide the diameter of 
sphere a equally on each side of centre line c d, and draw 
the lines I m, &c., through the divisional points, and parallel 
to cd. From 'the centre i, in side view b, with half the 
diameters of no, pqy &c., in plan a, as radii, draw the 
circles r, «, &c. At the angle of 46^ to the line ef, and 
tangentially to the circles or diameters r, s, &c., draw the 
Unes Uf v, &c., to the line of plane gh, and from the points 
of intersection 1, 2, 8, &c., draw the lines 1-4, 2-5, &c., 
parallel to ef. . Through the points where these lines inter- 
sect their corresponding diagonals, cd^ I my &c., a curve line 
z (ellipse) passing, will be the projection of shadow required.* 

* The shadow may also be projected by the process described at 
-^. 294. 
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Note. — ^The shadow of a sphere projected at the same 
angle as at Fig. 258, just described, is identical with the 
ellipse produced in a cylinder cut through at an angle of 
45°. If the sphere were placed in a tube of the same 
diameter, and at the angle named (or in a direct line with 
the light), the tangential line of the sphere with the tube would 
be as indicated by the dotted line 6-7 in plan and side 




Fig. 258. 

views A and b, Fig. 258, dividing the light from the dark side 
of object ; and which tube, if produced and intersected by 
the plane, would be coincident internally in every point with 
the projection of the shadow of the sphere. 

Objects such as that described will only project a shadow 
identical with their outline when the plane is at right angles 
to all the rays oi light from the several points of the object- 
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To project the shadow in a hollow half sphere (or send' 
circular cup) of its side. 

Let A, Fig. 259, be the plan of the object in which the 
shadow is to be projected. Throngh the centre k of the 
object draw the diagonal b c ; divide the object equally on 
each side of centre line 6 c by any number of lines as at Z r, 
&c. Through the centre k draw a line fr, at right angles 
to b c. At any convenient distance from plan a draw a 
line de, parallel to be. On the line de^ and from the 
intersectional point y, with radius equal to radius of plan a. 




draw the semicircle df e, which will represent a side view b, 
of the object. From y, as a centre, and with radii equal to 
the half diameters of the lines I v, &c., describe the semi- 
circles in side view b, and from each of the points of inter- 
section, o, m, &c,, on the line d e, draw the diagonals m n, 
op, &c., each at an angle of 45° to the line de. It will be 
seen that the points n, p, &c., where the respective diagonals 
intersect their respective semicircles, are also the intersec- 
tional points of the centre line / r ; the projection of the 
shadow required will therefore be the straight line t r. 
Note. — li the angle of the light was greater or less than 
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45^, as shown at m a? in side view b, the shadow would be a 
cnrved line in each instance, the greater angle projecting a 
concave and the lesser a convex shadow, as represented by 
the line s in diagram, the process being the same for finding 
the points in the curve as in that already described, and as 
indicated by the dotted lines g A, &c. 

Pbojectiom of Shadows. — Seookd Series. — ^In the ex- 
amples of the projection of shadows in the first series, the 
angle of 45° only has been employed, as from the nature 
of the projections it alone was requisite ; but in the pro- 
jection of shadows of a more intricate sort, as in those 
which follow, there are required in addition a plan and side 
views of the angle in its inclination, the relative angle of 
light in such views being similar. Suppose the object a, in 
diagram, Fig. 260, to be the front view of a little set square 
at the ordinary inclination of 45°, and also having the 
requisite angle of 45°, the side of 
which would be as represented by 
the dotted lines fcg. In looking 
from a position e, above it (suppos- 
ing it possible to look in parallel 
lines at every point, as is supposed 
in mechanical drawings), it would 
present the angles as in plan b. It 
would also present similar angles 
viewed from the positions I or p. 
To project the angle— from a point 
/ draw the diagonal, on which set off any length, fg ; at 
any convenient distance draw a horizontal line or plane hi; 
from the point / draw a vertical line fn, intersecting the 
line hi a,i n; on the line/n from the point n set off the 
length n m equal to the length/^ ; and from the point g draw 
a vertical line g d intersecting the line A i at ^, and join m d, 
which will be the plan of the angle of 45° as required.* 




Fig. 360.' 



* In projecting shadows at any other angle or other inclination in a 
ixont view, it i« obviouB that the relative angle in the pUui or side 
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As an application of what has jnst been explained to a 
mechanical object, and an illustration of the necessity of the 
projection of the plan or side view of the angle already 
referred to, let a, Fig. 261, be a cylindrical object or shaft 
(horizontal or vertical), and b a plane parallel to axis of 
shaft. The projection of the shadow of shaft is required on 
the plane b* Draw an end view o of the shaft/ and also 

A 




the horizontal line of plane y z B,i its distance/^ from centre 
of shaft. In plan a from any point d (shown in this instance 
on centre line of shaft) draw the diagonal of 45°, which is 
the direction of the light ; from the point d, with the distance 
fg in end view c set off* the length dh; from the point h 
draw the vertical line h i intersecting the plane y z B,ii, and 
join gi, which will then represent a side view of the angle of 

view of the object must corre8iK)nd to it, and ib found in a similar 
manner. In some drawings the relative anele of light in plan or side 
view is as great as 46^, and the angle of inclination of shadow in front 
elevation also 46**, resulting in the projection of a longer or broader 
shadow than that described (Fig. 260). Ilie latter is generally con- 
sidered preferable, is more easily understood, and has therefore been 
adopted throughout this chapter. 

* If A were a vertical view, c would be a plan as well as an end 
view. If A were a plan or horizontal view> then o would be an end 
view only. 
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45°, whose length of base ib dhm plan a. Set the paibllel 
rulers to the line g i, and from the diameter m ^ of the 
shaft, draw the lines k I and m n parallel to ^ i ; and from the 
intersectional points n and I in plane y z, draw the vertical 
lines no and I p. The vertical lines o and j? will be the 
projection of shadow required on the plane b. If the plane 
were placed obliquely, as at q r, the breadth of shadow would 
be increased on it, as shown by the line k I produced to t; ; or 
if placed as at 8 1, it would have less breadth than in position 
y z in the first instance. At whatever angle the plane is 
placed the same process would be applicable, a horizontal 
and vertical line being always necessary* on which to erect 
the side view of the angle from its plan as at d A, and as 
explained at Fig. 260. The line of plane in example y z, as 
also the centre line of shafl, is taken advantage of in such 
instances, being ready drawn to hand, and being convenient 
lines ; though in this and in many of the examples which 
follow, the angle may be projected anywhere in close 
proximity to the place where it is required, so that the 
requisite lines from the points of the object can be drawn 
with facility parallel to the plan, end, or side view of the 
angle of 46° referred to. In the example given. Fig. 261, the 
height gf is taken in the end view o from the plane y z to 
the centre of the shaft g. There is no other reason than 
that given why this height should be taken ; * any height 
would do equally well, so that the same distance is set off 
on its corresponding view of it as at d h. It may be pro- 
jected in the position shown at d. Fig.. 261, and by drawing 
k I and m n in end view o, parallel to x u, it will render the 
diagonal de ia plan a unnecessary, being drawn Skt xw for* 
projecting the line x u. 

To facilitate such process in the projections of shadows, 
where there are many lines to be drawn parallel to each 
other at the given angle on the plans and side views of the 

* In the absence of a little set square having the proper angle, to. 
bear on the edge of T-square. 
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several objects, it will be fotmd conyenient to nse a little set 
square of the proper angle (and which would be as repre- 
sented in Fig. 260 at dmk) to bear on the edge of the 
T-square in the several positions shown in the following 
diagram, Fig. 262, and which are also indicated in all the 




Fig. 362. 



diagrams which follow, in the position suitable for drawing 
the lines of the relative angle of the light in the plans and 
side views of the objects, those in the front elevations being 
always at 45°. 

The position of the set square a, Fig. 262, is suitable for 
drawing in the relative angle of the light in a plan placed 
either above or below the front view of the object on which 
the shadow is to be projected. 

That in position h for the angle of light in projecting the 
shadow of a horizontal line on an inclined plane, &c. 

That in position c for side views placed to the left of the 
object on which the shadow is to be projected. 

That in position d for side views placed to the right of 
the object on which the shadow is to be projected. 

In drawings of an engine, or other machinery containing 
different views of the one object, representing plans, eleva- 
tions, side and end views, &c., it is the common practice to 
project all the shadows at the same angle as a matter of con- 
venience. The shadows thus projected in one view have no 
relation whatever with the shadows of the view next to it, 
and on the same sheet of paper. In which case, each view 
must be considered as belonging to another object of similar 
construction and size, and all placed in the same light. It 
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would be quite nnsatis&ctory otherwise, as tbe following ex- 
planation will show. Let a, b, and c, Fig. 263, be the plan, 
front, and side elevations of three walls of parallel thickness 
at right angles to a plane. The shadows shown are projected 
in the ordinary manner in engineering drawings, all being at 
the angle of 45°, and also inclined at that angle. If the 
shadow in the front elevation b had any relation to the 
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Fig. 363. 



shadow in the plan a, the part x in front elevation b wonld 
be all dark to correspond with the shadow from line of wall 
H in plan a, the front elevation of wall e e would also be cor- 
respondingly dark; the side view o would also be dark, 
corresponding to the shade side Idm plan a. The shadows 
thus carried out would never make a desirable drawing, and 
if left to choice^ it wonld look better to produce an outline 
drawing only. 

In Fig. 264, the shadows of the three views of the same 
object are projected in relation to each other, the diagonal 
fg being the same (45°) as in last diagram, and made equal to 
the length o;^ in plans a in each diagram, Figs. 263 and 264. 
It wiU be observed that the relative shadows in the plan a. 
Fig. 264, are at the opposite side of object, and at a different 
angle from that at Fig. 263 (that in the present example being 
the same angle as the one referred to at Fig. 260), and the 
end view o is dark, or in the shade, to correspond with the 
shadow projected by Z (2 in plan a ; and though it might be 
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convenient to have the shadows in plan to correspond thus 
with the front elevation, still, if o was also made to corre- 
spond, it would he as represented, all dark. 




Fig. 264. 

In the plans and front views of the following projections 
ef shadows, thongh each series of diagonals in their re- 
spective views mast be drawn parallel to each other, the 
distances between one conple and the couple next to them 
are not of necessity the same, except for uniformity of 
appearance, but they must agree relatively, those in the 
plan or side view with those in front elevation. 

To project the shadow on a vertical cylinder of a circular 
flange which is at right angles to the oasis of cylinder and 
projects equally around its circumference. 

Let A, Fig. 265, be the front view of cylinder upon which 
the shadow of the flange efh to be projected. 

1. Draw a plan b of the cylin- 
der and flange on a centre line 
common to both views, a and b. 

2. With the set square bear* 
ing on the T-square in position e 
draw the relative angle of light 
in plan b as at r s. 

Fig. 265. 8. From the point r, where 

the line r s cuts the outer circumference of flange in plan b, 
draw the vertical line r x. 
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4. From the point x, where the vertical line r x inter- 
sects the flange ef, draw the ordinary diagonal in front 
view A. 

6. From the point s in plan b, where the line rs inter- 
sects the cylinder, draw a vertical line intersecting the 
diagonal from x slIu; u will he one point for the shadow. 

Proceed in the same manner for finding other points as at 
n, 0, &C; through which a curve 
line passing will he the projec- 
tion of shadow required. 

Note. — ^In ohjects such as that 
described, when horizontal, as at 
Fig. 266, the process is almost 
the same, the only difference is, 
the shadow is at the opposite 
side to that at Fig. 265. 

The following examples. Figs. 
267 and 268, will be found use- 
ful for reference. The shadows being projected similarly 
to that at Fig. 265, further explanation will be unnecessary. 

The plan of each object is above its respective front view, 
or elevation. 




Fig. 36e. 



To project the shadow of a square flange on an inclined plane, 
the flange being at right angles to the plane and paraUsl to U. 

Let A, Fig. 269, be the front view of the object on which 
the shadow of the flange c d iaio be projected, and b the 
side view at the required inclination. From the point e in side 
view B draw the relative angle of light intersecting the line/ g 
at h ; from h draw the horizontal line h k, intersecting the side 
of front view a at Z ; from the point c in front view a draw 
the diagonal intersecting the line k lin the point i ; from any 
other point n in side of flange in front view a draw another 
diagonal line n o parallel to c i ; from n draw a horizontal 
line intersecting the under side of flange in side view b at j9 ; 
from p draw a line parallel io eh intersecting the line f g ^* 

2 
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r ; from r draw a horizontal line intersecting the line n o at s, 
and join s i, intersecting the side of object aft ; til will be 
the projection of shadow required. 




Fig. 269. 

To project the shadow of a circuiar flange on an inclined 
plane, the flange being at right angles to the plane. 

Let A, Fig. 270, be the front view of the object on which 
the circular flange c d is to be projected,* and b the side 
view at the required inclination. On front view a from any 
points kf t, g, on flange c d, draw the diagonals, and from the 
same points on flange c d in front view a draw the horizontal 
lines k w, i n, and g o, intersecting the side view of flange 
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t in side view b at ?7i, n, and o ; from the points m, n, and 
0, draw the relative angle of light towards the line of inclina- 
tion r Sy and from the points of intersection e, /, A, draw the 
horizontal lines intersecting their respective diagonals in 

* To find the curves in this, and those which immediately follow, 
Chapter XIII., Fig. 183. 
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front view a from k, i, and g, 2ii x y z ; through which points 
a curve line passing will be the projection of shadow required. 

To project the shadow of a circular flange on an vncUned 
cylinder, the flange being at right angles to the aads of the 
cylinder and equidistant from it. 

Let A, Fig. 271, be the front view of the object on which 
the shadow of the flange ri ^ is to be projected, and b a side 
view at the required inclination. Draw a plan o of the object 
on a centre line common to both views, a and o, as if it were a 
plan of a vertical cylinder, or as viewed in the direction efia 




Vig, 271. 

side view b. From the point g in side view b draw the relative 
angle of light ; and (to render the process more explanatory) 
let the triangle g v h represent the side view, inclined, of 
a set square having the angle of 45°. Draw a plan of the 
triangle as shown at x, and transfer it to position k, in plan q; 
I m will be the relative direction of the light. Draw any 
number of lines p, r, &c., parallel to I m, and proceed in the 
same manner to find the points of the shadow as in example, 
Fig. 265. A curve line passing through these points, u, w, t, 
will be the projection of the shadow required. 
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Note. — The diroction of the light, I m vx plan o, is the 
Bame relative angle as in the other examples ; it is observed 
in this instance in the same direction as the inclination of the 
cylinder, instead of being observed from a position vertical 
to the object as in the other examples. 

To project the shadow of a round flange on a tapered (or 
conical) stuffing-box^ the flange being at right angles to the 
axis of the co7ie and equidistant from it, 

FiBSTLT, when in a vertical position, Fig. 272. Let a be 
the front elevation of the object on which the shadow is to 
be projected. 

On a centre line common to both views, a and b, draw a 
plan B of stuffing-box and flange, on which draw the relative 
angle of light from any points on the circumference of flange, 
as at 1, 2, 8, &c. It is then required to draw lines on eleva- 
tion A coincident severally with the relative angle of light, 

1, 2, 8, &c., in plan b, and which lines will be curves in 
their front view. On elevation a, at convenient distances 
apart, draw the horizontal lines d, e, also their plans as indi- 
cated by the dotted circumferences in plan b. From the 
intersectional points of the angle of light with the several 
circumferences, as at g^f, &c., draw vertical lines intersect- 
ing their relative horizontal lines in elevation a at h, i, k, Z, 
through which points draw the curve line. From the point 1 
on circumference of flange in plan b draw a vertical line 
intersecting the lower edge of flange in elevation at m, from 
which draw the diagonal intersecting the curved line IheX 
n, which will be a point for the shadow ; proceed in the same 
manner to And other points from the relative angle of light, 

2, 8, 4, &c., as at o, p, &c., through which a curve line 
passing will be the projection of shadow required. 

Secondly, when inclined. Fig. 278. Let o be the side view 
of the object at the required inclination, from which draw a 
corresponding front elevation a and plan b ; proceed exactly 
as in the other, Fig. 272, and, as shown by the dotted lines, a 
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curve line passing throngh the points n, o,p, &o., will be the 
projection of shadow required. 





To 'project the shadow of a bracket on a convex or a concave 

surface, 

I 3 
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Let A in Fig. 274 be a convex, and in f'ig. 275 a 
eoi&ce. (Ab the same process applies to both Figs, the re- 
ference letters are the same in each.) Draw plans b and side 
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views D of the bracket, the latter adjoining the &ont view. 
Divide the side view s by any nnmber of horizontal lines. 
On the right-hand Bide of bracket in plan b, from the point c, 
set off the lengths of the dotted divisional lines of bracket, 
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making o-l equal to the length of the line 1 in side view d, 
e-2 equal to the length of the line 2 in side view d, and bo on 
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with each line on d. From the points opposite the divisional 
lines on n, on the right-hand side of the bracket in front 
view A, draw the diagonals, and from the points 1, 2, 8, &o., 
on bracket in plan b, draw lines for the relative angle of light ; 
from the points where they intersect the curved surfaces in 
plan B draw vertical lines intersecting their corresponding 
diagonals on front view a. A curved line passing through 
the points of intersection will be the projection of shadow 
required. 

Note. — The same process may be repeated for the lower 
part of left-hand side of bracket ; though to trace the lower 
part already projected, and to transfer it to the part required, 
is a quicker process, and the one generally adopted in actual 
practice. 

To 'project the shadow of a cylinder on a plane parallel to 
the aads. 

Let A, Fig. 276, be the elevation of cylinder, and b the 
plane on which the shadow is to be projected. Draw a plan 
cd of the plane ; on the centre line of cylinder a produced to 
hf with half the diameter of cylinder a as a radius, and at its 
required distance i h from the plane, draw a plan o of the 
cylinder. On plan o draw the relative angle of the light, as 
shown by the parallel lines 1 1, &c. From the points I x, &c., 
where the lines 1 1, w x, &g,, intersect the circumference of 
the cylinder o, draw vertical lines intersecting the top k e of 
cylinder a at o, y, &c. ; from the intersectional points o y, 
&c., on the line k e, draw the diagonal lines ; from the point t 
in the line of plane c d draw a vertical line intersecting the 
diagonal line drawn from o, at r, and from the point u in 
line of plane c d draw a vertical line intersecting the diagonal 
drawn from the point n B.t $; r s will be the breadth of the 
shadow of the cylinder on the plane b. From w, in the line 
of plane c d, draw a vertical line intersecting the diagonal 
drawn from y in the line k e oi z, which will be a point of 
projection of the shadow of the top of the cylinder. Proceed 
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in a similar way for finding the other points, as shown hy 
the dotted lines ; a curve line passing through the points 
will be the projection of shadow of top of cylinder. 

To project the shadow of lower end of cylinder. 
Produce the lines w x, &c., in plan c, so as to intersect the 
circumference of cylinder at 2, d» 4. From the points 2, 8, 4, 
draw vertical lines intersecting the lower ]mefg in elevation 
A of cylinder at the points 5, 6, 7 respectively, and from these 
points draw diagonal lines parallel to o r, &c. From the 
points Wy m, p, in the line of plane c d, draw vertical lines, 
intersecting their corresponding diagonals drawn from the 
points 5, 6, 7, at 8, 9, 10, and a curve line passing through 
the points will be the projection of shadow of lower end of 
cylinder, completing the projection of shadow required. 

Note. — In projecting shadows such as that described on 
a larger scale than that shown in diagram, Fig. 276, more 
points for the curves would be required to insure accuracy ; 
these are obtained by multiplying the diagonals, &c. 

To project the shadow of a horizontal on a vertical 
cylinder. 

Let A, Fig. 277, be the horizontal cylinder in its position, 
and B the vertical cylinder, upon which the shadow of hori- 
zontal cylinder a is to be projected. Draw a side view o of 
the vertical cylinder, and an end view d of the horizontal 
cylinder, at its required distance from o. Draw the ordinary 
centre lines in each view of the vertical cylinder. Divide the 
lower part of each view of the vertical cylinder b and o by 
any number of horizontal lines 1, 2, 8, &o., identical in each 
view. (It will facilitate the process if the lines are equidis- 
tant.) From the end view d of the horizontal cylinder, tan- 
gentially to its circumference, draw the relative angle of the 
light e and/, intersecting the horizontal lines 1, 2, 8, &c., at 
k I and m n. Draw a half plan e of the vertical cylinder o. 
From the points k and I draw vertical lines intersecting the 
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half plan e at ^ and s. From the points g and A, where the 
relative angle of the light e and / intersects the cylinder c, 
draw the horizontal lines g v and h u, intersecting the centre 
line of cylinder b at v and u, which are the upper and lower 
points of projection of shadow. On the horizontal lines 1 
and 4 in view b set off the distances o p and ow on each side 
of centre line, each equal to the length r ^ in half plan e ; 
and on the horizontal lines 2 and 5 in view b set off the< dis- 




Flg. 277. 

tances y z and y x on each side of centre line, each equal to 
the length t sin half plan e. As the lines e and / terminate 
at the centre line in view o at the horizontal lines 8 and 6, so 
in front view b the extremities of the lines 8 and 6 will be 
points for the shadow, and a curve line passing through the 
points S z p V and 6 xw u will be the projection of shadow 
required. 

Another method. — On the centre line k. Fig. 278, in 
vertical cylinder b, with radius equal to half of the diameter 
of cylinder, describe from ;? as a centre the semicircle /tti^; 
and with the same radius, on centre line I in side view o, from i 
as a centre, describe the quarter circle h n. Draw the rela- 
tive angle of the light e, /, as in previous example, from the 
horizontal cylinder d. 

Divide the quarter circles fm,mg in front view b, and 
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also the quarter circle ^ n in side view o, each into the same 
number of eqnal parts, and from the divisional points in each 
quarter circle draw the vertical lines as shown in views b 
and ; from the points in view o, where they intersect the 
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Fig. 278 



relative angle of the light e and /, draw horizontal lines, in- 
tersecting their corresponding vertical lines in view b; a 
curve line passing through the points thus found will be 
the projection of shadow required. 



To project the shadow of a less on a greater cylinder j both 
being vertical. 

Let A, Fig. 279, be the small cylinder, and b the greater, 
upon which the shadow is to be projected. Draw a half plan 
o of the larger cylinder, and a plan d of the small cylinder at 
its distance from the greater. 

From the point I draw the relative angle of the light I m 
tangentially to cylinder d. From the point I draw a vertical 
line qy intersecting the lower line of smaller cylinder a, at r ; 
from r draw the diagonal ; and from the point m, which is 
the intersection of the relative angle of the light with the 
circumference of larger cylinder o in half plan, draw a ver- 
tical line m g, intersecting the diagonal from r at n ; n g will 
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is to be projected. Draw a plan b of the object* From any 
point d, on lower edge of thread in front view a, draw the 
diagonal ; also from d draw a vertical line, intersecting the 
plan of the thread at e ; from e draw the relative angle of the 
light, intersecting the inner drcnmference at/; from/ draw 
a vertical line, intersecting the diagonal drawn frt)m d in front 
view A at g, which will be a point in projection of shadow. 




P3g.a8i. 

Proceed in a similar manner to find other points as at k, t, 
&c., throngh which a curve line passing will be the projection 
of shadow required. 

Note. — When the screw is in a horizontal position, as 
shown at c, the process is the same, the shadow being pro- 
jected towards the opposite end, the diagonals being in the 
opposite direction relatively to the thread shown at a and b 
just described. The light is in the same direction, but the 
thread being more directly opposite the light, the curve of 
shadow, as will be observed, is not the same as when the 
object is vertical. The process in either position is the same 
as at Figs. 265, 266. 



To project the shadow in a vertical haJf cylinder, having 
^ts upper end at right angles to its aods. 



PBOJEOTION OF SHADOWS. 



187 
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Let A, Fig. 282, be the front view of the object on which 
the shadow is to be projected. 

Draw a plan b of the object ; from the point c, in front 
view A, draw the diagonal ; from 
the corresponding point h in 
plan B draw the relative angle 
of light, intersecting the inner 
circle at ,n ; from n draw the 
vertical line n p^ intersecting 
the diagonal drawn from c at 
o in front view a ; o p will be 
the projection of the shadow 
of the side c d oi cylinder. 

In plan b draw a tangential 
line r 8, parallel to h n, the 
point of contact being u ; from u draw a vertical line, inter- 
secting the upper end of front view a at v ; draw any other 
line, as at x, parallel to ^ n ; from the point of intersection / 
draw a vertical line t ; from the point of its intersection with 
npper line of cylinder a draw the diagonal y parallel to c o ; 
from the point of intersection -of a; at « in plan b draw a 
Vertical line, intersecting the diagonal ya.iz; v, z,o,p will be 
the projection of shadow required. 

Note. — The process is the same when the object is hori- 
zontal, the shadow being in the opposite side to that at Fig. 
282. 

To project the shadows in vertical half cylinders having 
Jlaty convexy or concave covers, at right angles to the aods of 

cylinders, 

(As the process is similar in each example the reference 

letters apply to either.) 

Let A, Fig. 283, be the front view of the object on which 
the shadow is to be projected. 

Draw a plan b of the object. 

From c in front view a draw the diagonal c d ; from the 
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eoireapanding point m in |d>n B, dntw tbe reUtiva ui^a of 
the light ; &om the point ti in plan b, when tba lino m n 
inteneels the inner circle, dnw a vertittl line m p, interaeet- 




ing the diagonal e din o; op will be the pngection of the 
ebadew of the dde of cylinder c I. 

In plan b draw any nomber of lines, bs$ x, parallel to m n ; 
from the point > in plan b draw a vertical 
line, intersecting the lower line of cover 
at q ; from q draw a diagonal parallel to 
e d ; from the point x in plan b draw a 
vertical line, intersecting the diagonal 
drawn from q in view a at y, which will 
be a point in the projection of shadow of 
the cover ; find other points similarly, 
throngh which a curve line passing will 
form, with the shadow of side of 
cylinder abeady found, the projection 
of shadow required. 
In projecting the shadow of the cir- 
Fig. SM. cumference of cover in a half cylinder, as 

ig. 284, the process is the same as at Fig, 288, just 




PROJECTION OF SHADOWS. 



189 



To project the shadows in inclined half cylinders. 
Let A, Fig. 285, be the section of a cylinder, having its 
cover q r in h line with the light, and b the section of a 
cylinder having its cover at right angles to the light ; the 
covers of each cylinder being at right angles to its axis. 

On « as a centre, in the line q r, on the centre line of 
cylinder gf, describe a semicircle c g n,. representing a plan 
of half cylinder a. Draw the diagonal c g, from which it 
will be obvious that the shadow projected by the side of the 





Fig. 285. 



cylinder c d will fall on the centre line gf, and, as the line 
of cover g r is its own diagonal, there is no projection of 
shadow except at ef. 

In cylinder b, on the intersectional point m as a centre, in 
the line i h, and centre line s t, describe a semicircle, to 
represent a plan of half cylinder b ; draw the divisional lines 
at right angles to the line i k, as shown ; make the length m n 
equal to the distance m Z, and n will be a point in the pro- 
jection of shadow. Also make x v equal to the distance x Uj 
and V wlM be another point for the shadow. It will thus be 
quite obvious that the shadow will be a semicircle, simil^ to 
the plan of half cylinder b. There is no projection of shadow 
f^om the sides of cylinder b. The line efin cylinder a, and 
semicircle in cylinder b, being the projections of shadows 
required. 



To project the shadow of the end of a hoUow cylinder which 
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is at right angles to its axis, on an inclined plane within the 
cylinder.* 

Let A, Fig. 286, be the end view of cylinder, and b the 
inclined plane npon which the shadow is to be projected. 

Draw a side view (or longitudinal section) o of the objects. 
From any point d in end view a draw the diagonal d e ; 




Fig. 280. 

from d draw the horizontal line /, intersecting the line h i 
at g ; from g draw the relative angle of light, intersecting the 
inclined plane at k ; from the point k draw the horizontal 
line m, intersecting the diagonal d e 9X I, and I will be a 
point in the projection of the shadow. Find other points 
similarly, through which a curve line n passing will be the 
projection of shadow required. 

To project the shadow of a horizontal straight object upon 
an inclined plane. 

Let a, Fig. 287, be the plan of the inclined plane upon 
which the shadow of the horizontal object c (2 is to be pro- 
jected. Draw a side views of the objects, h i being the side 
view of straight object, and h t oi the inclined plane. In 
plan A, from any point e, on the line c d (the farther to the 
right such point is chosen the greater the depth of the 
inclination, and the more correct the result is likely to be), 

* This projection is similar to that produced by the open end of a 
steam pipe on a throttle valve. 
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draw the diagonal e f ; from the point e draw a vertical 
line e g, intersecting the line h i, in side view b, at ^ ; from g 
draw the relative angle of light g p, intersecting the plane h t 
at p ; from p draw a vertical line, intersecting the diagonal ef 




Fig. 287. 

in plan a at r ; from the point c in plan a, and through the 
point r, draw the line c 8, which will he the projection of 
shadow required. 

Note. — ^If the objects were vertical the projection of 
shadow would be found by the same process ; the shadow 
being at the opposite side to that at Fig. 287. 



To project the shadows of paddle floats on a plane adjacent 
and at right angles to their central aads,* 

Let a, Fig. 288, be the end views of the floats, and d the 
plane on which the shadows are to be projected. From a 
draw the diagonals ; set off the length a 6, equal to the dis- 
tance of lower end of float from the plane ; set off the length 
h c equal to the length of float ; draw &/and c g each parallel 
to a e. Proceed in the same manner with the others for the 
projection of shadows required. 

* This and the following diagram, Fig. 289, in one sense belong to 
the first series of shadows, and tiie diagrams Figs. 290 and 291 to the 
second series. But as the four diagrams are different yiews of the 
same object it will be found more convenient to arrange them as here. 
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Fig. 28a. 

To project the shadow of a paddle ring on a horizontal 
plane {or float). 

Let A, Fig. 289> be a plan of the float on which the shadow 
of the ring x is to be projected. 

Draw a side view b of the objects. Divide the float/ in 
view B into any number of parts, as at 1, 2, 8, &c. ; from 
these points draw vertical lines, intersecting the inner and 
onter circomferences of ring; produce these lines to plan 
of ring in view a, intersecting it at 6, 6, 7, &c. ; from the 
points on lower side of ring d e draw the diagonals ; set 
off the length 5 s eqnal to the height 1 a in side view 
B, and 9 will be a point for the shadow of the outer cir- 
cumference of ring. Proceed in a similar manner to find 
other points, through which a curve line k passing will be 
the projection of the shadow of the outer circumference of 
the ring. 

From the points in the upper side of the ring g h in plan a, 
where the vertical lines intersect it, draw the diagonals ; set 
off the length m n equal to the height 8 c in side view b, and 
n will be a point for the shadow of inner circumference of 
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ring. Proceed in a similar manner to find other points, 
through which a curve line p passing will be the projection 




Fig. 280. 

of shadow of inner circumference of ring, and which, with 
the curve for outer circumference h, will be the projection of 
shadow required. 

To project the shadow of a paddle ring on an inclined 
plane {or float in an inclined position). 

Let A, Fig. 290, be a plan of the float on which the shadow 
of the ring a? is to be projected. 

Draw a side view b of the objects. From any point c on 
the lower edge of ring d e in plan a, draw the diagonal ; 
from c draw a vertical line/, intersecting the outer circum- 
ference of ring in side view b at A; ; from k draw the relative 
angle of light, intersecting the upper line of float at I ; from I 
draw a vertical line, intersecting the diagonal drawn from c 
in plan a at m, and m will be a point for the shadow of the 
outer circumference of the ring. Proceed in a similar 
manner to find other points, through which a curve line o 

K 
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passing will be the projection of shadow of outer circnm- 
ference of ring. 

From the point t in side view b, where the relative angle 
of light intersects the inner circnmference of the ring, draw a 
vertical line u, intersecting the npper line of ring ghia plan a 




Eig. 290. 

at r; from r draw the diagonal, intersecting the line 
drawn from I at «, and s will be a point for the shadow 
of inner circnmference of ring. Proceed in a similar 
manner to find other points, throngh which a cnrve line z 
passing will be the projection of shadow of inner circnmfe- 
rence of ring, and which with the cnrve for outer circumference 
o, will be the projection of shadow required. 



To project the shadow of a paddle float on another adjacent, 
both being inclined. 
Let A, Fig. 291, be a plan of the objects. It is re- 
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quired to project the .shadow of upper float o on the lower 
float D. 

Draw a side view b of the objects. From the point e in 
plan of float o draw the diagonal ; from the point k in side 
view B, corresponding to e in plan, draw the relative angle of 
light, intersecting the upper line of lower float at n ; from n 
draw a vertical line n p^ intersecting the diagonal drawn 
from « at o; op will be the projection of the shadow of edge 
e g oi the upper float o« 




From the point r, in upper float o in plan a, draw the 
diagonal ; from the point /, in upper float in side view b, 
draw the relative angle of light, intersecting the upper line 
of the lower float at s ; from s draw a vertical line, inter- 
secting the diagonal drawn from r in plan a at t; join < o, 
intersecting the line of float ^ i at a? ; x o wiU be the proj^ 

E 2 
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tion of the shadow of the end of float r e^ and, with o p, wfll 
be the projection of shadow required. 

To project the shadow of a rectangular vertical object on a 
spherical body. 

Let A, Fig. 292, be the front view of the sphere npon 
which the shadow of the rectangular object ^/ is to be 
projected. 

Draw a plan b of the objects. Draw the centre line ikva 
both views a and b. Divide ^ / in front view into any 
number of parts, as at 1, 2, 8, from which points draw the 
diagonals e x, &c. ; through the centre c of sphere a draw a 
line -I nt at right angles to the line e x. On the plan of 
sphere b draw the ellipses, or plans, n, o, &c., of the oblique 
sections x of sphere a,* in each of which the major axis will 
be on a vertical line drawn from the point of intersections of 
the line I m and the sectional line x in front view a. A part 
only of each ellipse is sufficient, as shown. From the point h 
in plan b, corresponding to e in front view a, draw the rela- 
tive angle of light h p, intersecting the ellipses n, o, &c., in 
the points y ; and from the points y draw the vertical lines 
r, q, &c., intersecting the corresponding diagonals from e, &c., 
in front view a, at «, t, u, &c. Through these points a curve 
line passing will be the projection of shadow required. 

Another method is as follows : — Draw horizontal lines 
across the front view of sphere a ; and from the centre of 
plan of sphere b draw circles of diameters corresponding to 
the lengths of the horizontal lines in front view a ; from the 
points where the relative angle of the light h p intersects the 
circles in the plan b draw vertical lines intersecting the corre- 
sponding horizontal lines in front view a. A curve line 
drawn through the intersectional points will be the projection 
of shadow. ' 

To project tJie sJuidow oj a vertical disc on a spJieiical body. 

* The ellipses are found as described in Chapter XIII., Fig. 188. 
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Let A, Fig. 293, be the front view of the sphere npoa 
which the shadow of disc/ d, is to be pT<!Jected. 
Draw a. plan b of the objects. Draw 1^ centre line t A in 




both views A and b. On each centre line i k, with half the 

diameter of disc aa a radius, describe a part of a circle, 

Tesenting as much of the circumference of disc as is 
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necessary for projecting the required shadow, as the quad- 
rants I and m in views a and b, lin plan b being in the rela- 
tive position to m in firont view b. Divide each quadrant 
into, say six equal parts; from the divisional points draw 
the horizontal lines o and n, &c», in each view a and b, inter- 
secting the plan 1 e, and firont view/ d of disc, at 2, 8, 4, &c, ; 
from these points on disc/ d in firont view a, where the hori- 
zontal lines intersect it, draw the diagonals 5 x, &c. ; through 
the centre c of sphere a draw a line ^ ^ at right angles to 
the line 5 x. On the plan of sphere b draw the portions of 
ellipses, as shown, being plans of the oblique sections x in 
front view of sphere a, in each of which the major axis will 
be on a vertical line drawn from the points of intersections of 
the line g h and the sectional lines x in front view a. From 
the point 1 in plan b (corresponding to 1 in front view a) 
draw the relative angle of light w ; from the points 2, 8, 4, 
&c., draw lines parallel to w, intersecting their corresponding 
ellipses in y ; from the points y draw vertical lines p, inter- 
secting their corresponding diagonals from 1, 2, 8, &c., in 
firont view a at s, t, u, &c, ; through which points a curve 
line passing will be the projection of shadow required. 

To project the shadow of an elongated sphere on a plane 
parallel to its axis. 

Let A, Fig. 294, be the front view of sphere, and if 
the plane on which the required shadow is to be pro- 
jected. 

Draw a plan b of the object, and a straight line c d to 
represent a plan of the plane m. 

FiBSTLT, In plan b, from the centre e of the object, draw 
the relative angle of light ef. 

Secondly, Through the centre e draw a centre line g h at 
right angles to the line ef, and upon it draw another view i 
of the object a. On this view it is required to find a sectional 
line which will divide the light from the dark side of the 
object, for which purpose it is necessaiy to project the rp' 
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tive angle of light In* and s f , each tangentially to the 
object, at r and u respectively. Draw a straight line r u 
between the tangential points, which will be the side view of 
the section required. 

- Ti f .i 
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Fig. 294. 

* In represents the entire length of the line tf, which in yiew b is 
observed (as in Ihe other diagrams of this second series) in its ohlique 
position. 

The length of the line /m in view i is equal to the length of the 
line ef as shown, and parallel to it ; the distance m » is equal to if 
m plane od. The angles mln and t«/are therefore obviously dis- 
Uar in the views b and i. 
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Thibdlt, From the points u and r draw the lines u v and 
r Wf each at right angles to the centre line g h, and divide 
the space between these lines by a nnn&ber of parallels 
(equal parts on either side of the centre of the length of the 
object are more convenient in this instance, as, both ends of 
the object being similar, one series of corresponding circles 
in plan will prevent confusion). 

Fourthly, Transfer these divisional lines from side view i 
to front view a. 

Fifthly, On the plan b of object, from the centre e, with 
radii equal to the halves of the diameters of the transverse 
sections a I, &c., in front view a, draw the circles 8, 4, &c., 
and from the points 5, 6, 7, &c., in side view i, draw lines 
parallel to the centre line g h, intersecting their relative 
circles in plan b. A curve line drawn through the points of 
intersection will be a plan, in its oblique position, of sectional 
line r M in side view i. From the same points of intersec- 
tions in plan b vertical lines to the respective transverse 
sections a h, &c., in front view a, will give intersectional 
points, through which a curve line z drawn will be the 
front view, in its oblique position, of the section r u in side 
view I. 

Sixthly, On plan b, from the points in the circles inter- 
sected by the curve, draw the line y^x, &c., parallel to efy 
intersecting the plane c d in. the point x. 

Seventhly, From the intersectional points of curve z with 
transverse sectional lines a hy &c., in front view a, draw the 
diagonals. 

From the point a?, in plan b, draw a vertical line, inter- 
secting the diagonal drawn from the intersectional point o, 
in front view a, at A; ; k will be a point in the projection of 
the shadow. Having similarly found a sufficient number 
of points, a curve (p) passing through them will be the pro- 
jection of shadow required. 

Note. — The process just described is equally applicable in 
projecting the shadows of objects of a similar kind at ** 

F 3 
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moderate distance from the plane on which the shadow is to 
be projected. 

To project the shadow of a ring of circular section on a plane 
at right angles to it. 

Let A, Fig. 295, be the side view of the ring, and b the 
phine on which the shadow is to be projected. 

Draw a straight line stio represent a plan of the plane b. 
Draw a plan c of the ring at its distance from the plane s t. 
On plan c draw the relative angle of light ef; and, from its 
intersectional points x with enter and inner circumferences 
of the ring, draw vertical lines v, which for each side of the 
individual section will be the width or minor axis of the oval 
sections in side view a. 

Describe the ovals g and h,* 

Draw the diagonals t k tangentially from g and h. From 
the point / in the plane s t draw a vertical line, intersecting 
the diagonals drawn from ^ at o and n ; and from g at 
m and I on the plane b respectively ; o, n, and m, I, will each 
be points in the projection of the shadow. Proceed in the 
same manner for finding other points by drawing lines as at 
p r, &c., parallel to e f in plan c ; curve lines passing 
through the points found will be the projection of shadow 
required. 

Note. — In projecting such a shadow on a larger scale, a 
good many sections would be required to ensure accuracy, 
and these would produce much confusion from the multi- 
plicity of the sectional lines and ovals. But .this confusion 
may be obviated. Having drawn the permanent side view, 
as at A, Fig. 295, make as many side views with their plans, 
of the same size, separately in pencil, as there are to be 
sections, the sections obviously in all the views being dis- 
similar. Having thus projected the points under each view 
from its section, trace an outline of a side view ; plaice it 
above each of the other side views and trace the several pro- 

* By the same process as that described in note. Fig. 257. 
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jected points found on each, nnder the one side view on the 
tracing. The tracing can he placed on the permanent draw- 
ing, and the points on the tracing pricked through ; or, hy 
first marking the points with a soft pencil on under side ot 




Pig. 295. 



tracing paper, placing it in position and rubbing over tho 
top side, there will be left a sufficient mark on the paper to 
enable the curve lines to be drawn in, giving projection ' 
shadow required. 
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To project the shadow of a half ring (or elbow pipe) of 
circular section on a plane at right angles to it, either hori- 
zontal, as in laM example, or vertical, as in subjoined diagram, 
Fig. 296. 

The same process is followed exactly as described at 
Fig. 295 — ^A, Fig. 296, being the front view of the ring, 
B the plane on which the shadow is to be projected, and c 
the face view of the object. 




Fig. 296. 

The curve lines d and e are the projection of shadow. 

Projections of shadows of other objects might be given 
and multiplied almost indefinitely, but for all ordinary 
engineering purposes those given in this chapter will be 
found amply sufficient. 

Note. — Before shading, the extraneous pencil lines for 
finding the several points in the projections of the shadows, 
and which should always be drawn very lightly, must be 
rubbed out carefully, so as to save the line of shadow only. 
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CHAPTER XVI. 

SHADINa AND COLOUBING. 

The eye is naturally educated to recognise the form and 
distance of the objects which snrround us from their lights 
and' shades. The draughtsman's effort in shading is to de- 
ceive the eye by representing shadows as well as objects on 
the flat surface, thus making the latter appear to stand out 
in relief. The more perfect, therefore, the lights and 
shadows on the drawing, the more natural it will appear.. 

Any degree of taste and flnish may be put into a shaded 
and coloured mechanical drawing, depending upon whether 
it is for working to, as a design, or for a picture, and 
whether such drawing is required quickly or not. It is 
hardly possible to make a flrst-rate, highly-finished shaded 
drawing quickly, though much depends, of course, on the 
ability of the manipulator, correctness being, in all cases, 
the first essential. 

Summer is the worst part of the year for shading, the 
paper being so dry. Winter will be found always best for 
this operation, as under any circumstances the paper is 
damp. 

Having a holder of the proper length (Chapter VI.), with 
proper sized brushes, one on each end, it is necessary to 
put a mark on the colour brush, which must be always used 
for the tint, the brush on opposite end being used for water 
only. 

A small brush, unless for small objects, should never be 
used for anything larger than what it was intended for, as 
it will not lay on the tint equally ; a brush of the proper 
size with a good point not only does the work better, but 
also quicker. 

A brush, if laid down moist at any time, is apt either io 
soil or to get soiled, to obviate which, the little tumblers 
(referred to in Chapter VI.), having indentations rour 
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rim, will be found handy for laying the brush across, 
besides containing the water for shading purposes. A very 
good brush-rest can also easily be made by cutting the edge 
of a little pasteboard box into notches like saw teeth. 

Two kinds of palettes (Chapter YI.) are necessary, one 
having a sloping recess for rubbing down the Indian ink, and 
having three or more little cups in it for mixing up the tints ; 
the other having three or four sloping recesses only, for 
rubbing down each colour separately, for using each by 
itself, or before mixing. 

Tints should never be made by artificial light ; if it is 
necessary to shade at night, they should be mixed up by 
daylight. 

One colour should never be rubbed down among another, 
as in all likelihood it will be laid aside to dry with other 
colour on it. Colours should never be taken off the cake 
with the brush, as by repeatedly doing so hollows the cake, 
and renders it unfit to rub down when required; neither 
' should they be dipped into the water for common use, for if 
good (as they should be) they soon crack and crumble to 
pieces ; the proper way is, to rub them down on the palette, 
having put a very little water in it previously by the brush. 
A common card bent up half an inch at one end, upon which 
to place the Indian ink immediately after using, will be found 
useful ; otherwise it is likely to soil everything with which it 
comes into contact. 

The neutral tint for shading engineering drawings, and 
which generally gives satisfactory results, is composed of 
Indian ink, Prussian blue, and crimson lake, to which some 
draughtsmen add a little gamboge to give the tint a greyish 
hue. The tint should not be too dark, as by using light 
tints, and going frequently over the shadows, they can be 
better modified and corrected every time the process is re- 
peated than by using dark tints. 

To keep tints from evaporating over night, the little 
Sinet nests " (Chapter YI.) are requisite, or (to descend 
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to a common article) old pomatum pots, having a lid, are 
very good utensils for preserving the tint. 

If one or two days are required to go all over an intricate 
drawing once, it is best to mix up fresh neutral tint for every 
coat, as even the best colours change in the course of a day 
or two though covered up from the light in a close pot; much 
of the blue disappears, leaving the tint similar to a mixture 
of lake^ and Indian ink alone. Should a tint evaporate a 
little in the course of a night, when it is wished to use it 
again the next day, there will generally be seen a mark round 
the dish ;* if water is added filling up to this mark, it will 
* restore nearly the same degree of tint. 

Tints left to dry completely upon the palette should never 
be moistened again for use, but should be washed clean out, 
and fresh tints made up for the occasion ; Indian ink, espe- 
cially, if dried up and moistened again for neutral tint, in- 
variably leaves brush-marks in the shading. 

In using one tint in a palette having other tints in the 
several recesses, it will be found safer to cover up those not 
being used at the moment with a card. 

The proportions of the colours composing the tint through- 
out a drawing should never be altered. Every time the tint 
is used, it should be stirred up with the colour-brush. If an 
ordinary tumbler is used for the water, it should never be 
more than one-third full, otherwise every time the water- 
brush is put into it, it would wet the holder unnecessarily. 

The palette, with the shading tints, and tumbler containing 
the water, should lie before the operator, placed upon the 
drawing on a sheet of thickish paper, so as to keep the 
drawing clean. 

Fluid colours should never be passed across a drawing, 
but around it. 

When shading, there should always be a sheet of clean 
white paper placed on the drawing under the hand, close to 
the part to be shaded, to preserve the drawing from any 
perspiration, which would prevent the paper taking the ' 
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easily; this sheet of paper should also extend below the arm, 
to keep the drawing clean. 

There is another method of keejung a drawing clean, 
which will be found in the latter part of Chapter IX. 

Damping large surfaces by a large water-brush in warm 
weather, either for flat or round surfaces to be tinted, is 
quite necessary ; otherwise the tint is apt to dry too quickly, 
and leave cloudy marks. The surface should not be too wet ; 
clean blotting-paper being applied to take off the superfluous 
water, which if allowed to remain causes the dampest places 
to buckle up, and renders the tint difficult to put on equally, 
being apt to settle in the lower parLs. It is easier, therefore,' 
to do shading in the winter, the paper not being so dry; 
however, to put on a tint properly, the paper surfjEice must 
be quite flat. 

In shading a cylindrical object, it can be done with more 
facility when its position is horizontal, and with the light side 
next to the operator (the drawing being readily placed in 
any position by turning it) ; it being more difficult to wash 
from than towards you with the water-brush. 

In the objects referred to, either in a vertical or horizontal 
position, the darkest place should be a quarter of the diameter 
from the edge on shade side, Eig. 297, and the lightest place 

about a quarter of the diameter 
from the opposite side ; and 
when in position, either ver- 
tical, horizontal, or at right 
angles to the direction of the 
light, a little reflected light 
Fig. 297. should be shown next the line 

on the shade side, as in example, Fig. 298; it should also 
have a little shade close to the line on the light side, in 
contrast to the part that should be lightest of all. 

When such object is inclined in the direction of the light. 
Fig. 299, the shade will be the same at each side, and 
narrower than in position, vertical or horizontal, lightest in 
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the middle, and having no reflected light close to the line on 
either side. When such ohject ia inclined at right anglcB 




to the light, the shadow on the ehade aide shonld be broader 
than in a vertical or horizontal position. 

Sections of cylinders tying at the angle of 46° shonld 
have the shadow graduated, as at a I>, in diagram, Fig. 800, 
independently of the shadow of the side of the cylinder at 
section, and which ehonld come over the graduated part. 




The sides of the cylinders at c d should have a shade close to 
the sectional line of cylinder, the part in the middle of the 
right-hand cylinder being the lighteet. 

The colour- brash, when about to apply the tint, ought not 
to have too much in it, or the tint will ran in all directions 
when the water-brash is applied ; and the water-bmsh most 
not have too much water for the same reason. 

If at any time the tint ahonld get beyond the line by acci- 
dent, the best way ie to push it hard within the line by the 
finger; in most cases it will come back and stop about the 
proper place ; this will be tound better than attempt!' 
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wash off the excess with the water-hrush, which would only 
tend to increase the error. 

In shading, the hrnsh should he held in as vertical a posi- 
tion as possible ; it will be found much easier to keep any 
boundary line. Before every application of the water-brush 
to the shading it should be washed in the tumbler, and the 
superfluous water taken off, by either drawing it between the 
lips (for which reason the mouth should be rinsed out clean 
before shading, especially after meals, as the brush must be 
quite free from greasy matter), or the brush might be applied 
to blotting-paper. 

In commencing to shade a cylindrical object — say, of two 
inches in diameter and six or seven inches long — begin at 
a quarter of the diameter from shade side, and put on the 
tint, about a quarter of an inch broad for the first coat, in 
short lengths at a time, washing off the side next the middle 
of cylinder first, as it is of more consequence than the edge 
of tint next the line. The water-brush should be drawn 
along as straight as the shadow is required to be, and a little 
in beyond the edge of the tint, taking care that the end of 
the tint does not get dry before the next little length is added 
to it.* In making the shadow with brush and tint, a part 
just done ought not to be gone over again until it is almost 
dry, otherwise it will run into clouds, though it is easier to go 
over it again before it is quite dry. As all shaded surfaces 
ought to have the same number of coats each, by the time 
the last part in an ordinary sized drawing is gone over, the 
first will generally be sufficiently dry for commencing on 
again. For such a length as six inches three lengths would 
be sufficient for the shade, though an adept at the work 
can take such lengths as six inches and more at a time. 
When this first coat is dry enough it should be gone over 

* If any loose spec or hair appears during shading process it should 
he removed with the point of the penknife at once, for such little 
things suck up sufficient tint by capillary attraction as to leave a white 
mark when the tint dries. Brushes should always be laid aside as dry 
as possible to prevent the hairs rotting and coming out. 
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again broader, about an eighth of an inch more on each side 
of the last coat. It is better if this is done in two lengths, 
so as to hide any faults in the joinings of the first coat, taking 
care at every coat not to stop at a former joining of tint. The 
third time may reach to the line on shade side, over the 
reflected light, so that in other coats it will not be necessary 
to wash it off with the water-brash next to the line, the con- 
trast between the darkest place and that next to the line 
being then sufficient ; the tint may then start from the line 
of shade side, and when approaching nearly the centre of 
object a lighter tint must be used, by taking a little of the 
shading tint into another of the palette-cups and adding a 
little water to it. 

Cylindrical objects, larger or less in diameter than that 
referred to, must have their breadths of tints in each coat in 
proportion. Bound rods of such small diameter as one- eighth 
of an inch can hardly be shaded nicely with water so as to 
look effective; in these cases it is better to take a fine 
brush and light tint, beginning narrow and making it a little 
broader every new coat, without water. 

For very large cylindrical objects, after being damped, it 
is better to have three or four gradations of tints and a brush 
belonging to each, beginning with the darkest, and the last 
pure water. By such a method the shading is less apt to get 
streaky, and it is better under such circumstances than dip- 
ping the tip of the colour-brush into the water every time 
such broad shade is gone along by way of graduating it more 
effectively. 

Shadows should be darkest next the objects that project 
them, and graduated out to the extreme edge of the shadow, 
as the shading on any cylindrical object. A long narrow 
surface, to be graduated in the length, from dark at one end 
to light at the other, can be done with one dip of the brush 
of the proper size in the tint ; the surface will get lighter 
going towards the light end as the tint recedes from the 
brush. 
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The shadov of one object Bhonld not eroas the abadow of 
another adjacent to it, as vill be Bometimes ohaerved in a 
room having two or more artificial lights. 

Freqnently in drawings, in many little details, seetionB, 
&e., shadows are sometimes pnt where they should not be 
nnder the circumstances. 

If it is required to show a tectional plan e d. Fig. 801, 
through the solid bosh at a h, no shadow 
of the shaft e should appear at/if, being 
- , a tectitm, and not in its natural slate ; but 
XiJ if it is a plan, as niik, of the lower half 
J bush M, there ought to be a shadow of 
the shaft at In, the half bush being com- 
plete in itself and in its natural state. 
A shadow should never be put on any 
sectional surface. 

In any polished end of a shaft it gives 
_/^^\ I * better efiect to show the light radiated 
\^J^ from the centre to the circumference, 
as at Fig. 802. 



« 



□ Fi«.m Fig. 303. 

A I \|^ In putting in the shades of six-sided 
, |B i\ I figures, such as nnts, the side 8, Fig. 803, 

should have two coats more than the side 
2, of the same tint ; 1 should not have 
any shading tint, the finishing colour 
coming over all. 

If through inadvertence any part is 
made too dark, all the other parts must 
be darkened in proportion, making the 
part alluded to appear lighter by compariaou;" sponging 
* The aame appUea to ontiine drswinga witiim certain 1iiiiit& 
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will then lighten it all equally. A shaded drawing should 
never be so dark as to render details almost invisible. 

Flat Surfaces, dc, — ^All flat surfaces in a drawing should 
be darker or lighter, depending on their distances from each 
other, the farthest back being the darkest, each in its exact 
proportion, including the part nearest to the eye. In a front 
elevation these can be known from the plan, and in a plan 
from the elevation. The tint must be light, and of the same 
proportion of parts as the drawing is shaded with. Suppose, 
for example, that a. Fig. 804, is a plan of a series of steps, the 
side view of which is shown at b ; 1,2, and 8, are equidis- 
tant from each other, but 4 is twice as deep as any one of 
the others. 

In the plan 1 should have 1 coat of light tint. 
2 „ „ 2 coats of do. 

8 99 » 8 >f do. 
„ 4 „ „ 5 „ do. 
the fourth getting one more coat than the share it would 
have had, had it been equidistant horn the others. 

Were the object placed in 
the opposite direction to that 
shown at Fig. 804, the breadth 
of the shadows projected from 
each step would also show the 
comparative heights indepen- 
dently of the flat tints. Hence 
it is quite impossible to do a 
properly shaded view of an 
object having many parts in 
combination, unless their se- 
veral distances are known. The 
same rule holds good in elevations and other views of 
objects. The common way in any case is to put the tint on 
the farthest part first, and when it is dry, to go over it 
again, and take in the next nearest to the eye and so on. In 
going over such surfaces it is better not to begin at thp 
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same place with every new coat of tint, as the hrnsh is very 
apt to leave more tint at the place begun at, so that to begin 
repeatedly at the same place would make it darker than the 
rest of the surface. The tints should come over any dark 
shadows that cross the flat surfaces equally with the other 
parts of the same surface where there are no such shadows. 
If there are two views of the same object side by side, as 
at b and a, Fig. 805, c being a section, b being complete, and 
a having the little square part d removed to show structure, 
the corresponding parts of a and b should be exactly of the 





Fig. 305. 

same depth of tint, as they are both supposed to be at the 
same distance from the eye, or in other words the same 
object with a part removed. The same rule applies to more 
intricate objects. 

In putting a flat tint on a large broad surface, after being 
first damped, the board should be blocked up about two or 
three inches at one end, and the process begun with a good- 
sized brush at the raised end of ihe drawing, putting plenty 
of tint on and spreading it the whole breadth, keeping the 
front of tint as horizontal across as possible, and always 
taking care to stir up the tint mixture act every dip of the 
brush. The tint collecting in front, prevents the drying and 
clouding. When the surface has been gone over, and the 
last loose colour drawn into a comer by the colour-bruElh, 
having previously wiped any remaining colour out of it, the 
^oard should be laid down flat again to allow the tint to dry. 
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otiierwise it would ran a good deal to the lower end of the 
board, making the snrface darker at the lower than the 
upper end and clondlng. As every flat Burface, however 
light it IB to be, ia the better for having two or more coats, 
raise the opposite end of the board and repeat the praceaS) 
beginning at opposite end of the sarface, laying the board 
down flat immediately after each coat. 

In any intricate snrface to be flattened, ench as framing 
with several diagonals, kc, where it would be impossible to 
keep all the different ends of the tint moving on alternately 
without drying, a convenient way is to have joinings at 
suitable places so as to allow each part to be finished sepa- 
rately, joining one place to another after the first is quite dry. 
In making such joint it is best not to have it straight across, 
which is more easily observed than a joint formed like saw 
teeth, but in angles more acute. When gone over several 
times and the joints thus made at different places for the 
several coats, and sponged when all the shading is ready for 
that process, if done properly, no joining can be detected. 

Flat surfaces should have a Uttle light on the top and 
left-hand edges {or those opposite the light) of all projecting 
parts. This is effected by leaving the required space when 
putting on the flattening tint at every operation, thongh the 
finishing colour goes over everything. 

Where there are flush or level joinings as at a and b. 
Fig. 806, no light should be 
shown, as in snch form it is 
the same as one solid, 
sections, the part sectioned 
should have a slight tint.* 

Cylindrical objects, such as 
colnnme, ka., at various dis- 
tances from the eye, should have such light washes of tint 
all over them in proportion to their distances as will throw 
out those which are nearer the eye. Throwing back round 
* Sectional voric is also teferred fa fuither on in this diapler. 




216 SHADING AND GOLOURINO. 

Bttrfaces by a light tint over them is not generally adopted in 
mechanical drawings, though when it is done, the effect is 
admitted to be better. 

All surfaces ought to be tinted and set back to their 
proper positions in distance before sponging, and should not 
be touched with the tint afterwards, unless for little' repairs. 

The accompanying shaded Tuscan order, Plate 11., is 
given to show the ordinary depth of the darkest tints in a 
finished drawing, as also the depth of the flat tints relative 
to their degree of projection, the projections facing the 
observer being the same as the profile to the right. 

If a drawing is to be sponged, no finishing colours or 
shade lines are put on before such process, and the latter 
only after all the tints and colours are put on. An ex- 
perienced draughtsman is not supposed to use a sponge to 
his shadows, though the cases are rare in which the 
shadows are so perfect that sponging would not still 
farther soften them. The shaded drawings of those who 
are not accustomed to the process are always improved 
by the use of the sponge after having received five or six 
coats of thin tint. A beginner has difficulty in keeping to 
the line with his brush, and the excesses over the line are 
hardly ever in the same place, and as the tint is light, the 
sponge takes them off and softens down the legitimate 
shadows. 

To sponge a drawing once after six or seven coats is suffi- 
cient. The surface of the paper, after the operation, gene- 
rally takes the tints more easily, as it should receive two or 
three coats afterwards (the flat surfaces excepted). Some 
drawings are softened by going over them with a flat soft 
brush and water, before the finishing colour is put on ; this 
requires some skill so as not to take off too much of the 
shading tint. 

A drawing, when ready for sponging, should be quite dry, 
otherwise — parts thus sponged would be made much lighter. 
Neither should a drawing undergo the process immediately 
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a drawing to the fire, if the paper has been properly stretched 
at first, is very apt to split it. 

A stretched sheet of paper on a board having a drawing on 
it occupying a small part of the paper just damped with the 
shading, if held to the fire for the pnrpose of drying it 
quickly, is apt both to crease the sheet and split it. 

For finishing colours or tints for malleable and cast iron, 
brass, copper, wood, &c., a great deal depends on the taste 
of the individual. In engines, and machinery, some prefer 
them washed all over with thin neutral tint, blue predomi- 
nating in greater proportion. For malleable iron, the tint 
referred to is always used, but for cast iron there should be 
more lake in it, having more of the hue of writing ink. For 
any round or cylindrical object it is better to shade with the 
finishing tint once or twice over, it blends better with both 
shading and finishing tints when the drawing is finished. 
Green is sometimes used for cast iron, assimilating it to the 
paint on the machine it is intended to represent ; a locomo- 
tive boiler, for instance, in a pictorial drawing is generally 
made the colour of the thing itself. In all such cases it 
should be a yellowish green, which, when put on above the 
neutral shading tint, having blue in it, makes the proper 
green. In all such cases the finishing colour must be well 
watered, even if necessary to go over it twice, which indeed 
in most cases is better, as it tends to equalize inequalities. 
Dirty green colour, on a ground shaded with pure Indian 
ink, as is sometimes the case, never looks well and ought to 
be avoided. 

In iron work in a drawing intended to be a picture, such 
as the outside view of a boiler where the iron is generally 
painted red, the drawing should show that colour also. The 
finishing tint for red over all should be composed of lake, 
gamboge, and. carmine. Blue as a finishing tint for such 
purposes is very well, in certain drawings only, for the repre- 
sentative colour of iron. 

Light red, or as it is sometimes called Indian red, is used 
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more for mixing ap with other coIodth Bach as for wood, 
brass, £c., than for use by itself. 

Finishing Tints. — The finishing tint for brass is composed 
of gamboge, yellow ochre, and light red ; for aood, of 
gamboge, yellow ochre, and a little burnt umber ; for copper, 
of gamboge, yellow ochre, bnrot amber, and lake (the latter 
predominating). 

The finishing tint for «ti?ne seems to vary with the ideas of 
the individnal, though a very good tint is composed of gam- 
boge, ligbt red, and bomt nmber. 

Finishing tints shonld never be mixed up at night, as by 
artificial light it is difEcnlt to judge of them properly, espe- 
cially yellows and greens. Such coloore, if to be need at 
night, should be made ready in daylight. 

Many coats of a chalky finishing tint over a shadow shonld 
be avoided, as it will lighten the shadow; and in any coloured 
drawing to be stretched on cloth for framing no chalky 
tints, snch as indigo in iron plate sections, or shade lines, 
should be pnt on till after it is stretched, and if to be var- 
nished, not until after the drawing is sized. 

When wood work occurs, as it frequently does in 
en^eering drawings, ihe best way for graining the side of 
flr or other soft wood is by using the colour for such a pur- 
pose (before referred to) and washing off the edge vrith 
vrater-brash as at a. Fig. 807 ; for oak with the drawing 
pen as at b. 




The latter requires more practice to do it effectively than 
the former. In a drawing that is to be sponged the groi' 
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or any finishing colonra or shade lines shoold never he 
pat on previously. In end wood the ink compasses * are 
generally used for the circular work as shown at a, Fig. 
806, with its colonr (light red, called Indian red, or sienna). 
Another effect is produced by doing these 
circles by hand with the bmsh, and shad- 
one side off as at b, and showing a 
few radiated shakes from the centre ; in 
either system both the side view of wood 
I well as the end views shonld have 
I a coat of wood colour previously to grftin- 
] ing. To distinguish a brass section from 
I wood, of coarse the different yellow 
I colonr wonld so far assist, hat in the 
former case the sectional lines should be 
Fig. 309. straight and diagonal.- 

In some pictorial drawings for framing a very slight wash 
of thin gum or isinglass is put on the dark places, to bring 
out the effect ; but this is very seldom resorted to ; there 
ought to be effect enough withoat it. 

Sections. — In cross sections not to be crossed with 
diagonal lines, light tint should be put on, and it shonld be 
the lightest part of any flat surface in the drawing ; the 
light Ehoold be left at the edge, as explained for other project- 
ing flat surfaces, the flnishing colonr coming over all. If to 
be crossed with diagonal lines they ought never to be so with 
Indian ink on a coloured drawing, but with bluish tint for 
iron, and yellowish for brass, and after all sponging, and 
before any shade lines. Even in a section to be crossed with 
diagonal lines, it is more effective to give a light wash all 
over first with blue for iron, and yellow for brass, but no 
other tint previously, as in the other instance. Crossing with 
diagonal lines is always difficult for a beginner ; when not 
eqaidistaut they destroy the look of the drawing. The 
other process, under such circumstances, is the better way. 
• See remarks on spring bows. Chapter XIV., Fig. 217. 
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For drawings having sections of iron plates, if less than to 
a scale of f -inch to a foot, the section of the plates or angle 
iron on a darkly shaded ground should he drawn in with 
indigo, or Prussian hlue and flake white, after all the finish- 
ing colour is put on ; Indian ink never shows well, heing of 
a glossy nature. In drawings to a larger scale the sections of 
iron plates are composed of two lines for the thickness, and 
should he filled up with light Prussian blue. 

After all the colouring of a drawing is finished, if to he 
shade lined (which in most cases improves a drawing, the 
thick line taking off any little roughness left from the 
shading at lines at shade side, and on which side they 
always come), the circles, as in outline inking (Chapter XIV.), 
must be put in before the lines. (For border line, margin, 
and printing, see Chapter XVII.) 

A shaded drawing should never be rubbed with India- 
rubber. Stale bread a day old is the best thing to rub the 
white part of the paper with,* the crumbs of which, if not too 
dry, may be gently rubbed over the shaded part if it shows 
the least dirty. 

If it is wished to give an uncoloured drawing the appear- 
ance of a shaded engraving, by fine lines (which can only be 
done after much practice), the flats should have a light tint 
of Indian ink, the rounds shaded also as in shaded drawings, 
but only with one coat of the thin tint referred to ; the 
shadows should then be ruled in by lines above the tint, with 
the drawing pen in the best possible condition. It will have 
a better effect than by simply being ruled without the tint. 

In shading or colouring an outline engraving, unless it is 
printed on drawing paper, it must have a thin coating of 
size (isinglass) over it, otherwise the effect will be much the 
same as attempting to shade on ordinary blotting paper. 
The shading on paper prepared with size cannot be sponged. 
(For cutting off a finished drawing see Chapter XXIII.) ' 
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CHAPTER XVII. 



PBINTING AND BOEDER LINES. 

The plainer the printing appears on any drawing the better, 

and lettering such as A B C ^s admitted for common 
engineering purposes to be the best, as it is certainly of a 
form quickly made. The same form of lettering in outline 
looks well if properly done, but it is found that beginners 
generally manage the first form better. In this work it is 
as well not to accustom one's self to the T-square and ink 
bows^ as a stiffness results, which in print of the size in 
example given should be avoided ; though for letters half an 
inch wide, either in outline or filled in with black or colour, 
the square and compasses are requisite. The style which 
can be done most quickly for drawings to be completed hastily, 
is somewhat similar to that first alluded to, but inclined thus 

ABO ^^^^9 should any letter not be inclined exactly 

at the correct angle, the difference is not 
so easily detected as would be with the 
vertical letters. Set squares, as in sub- 
joined diagram, may be used with advan- 
tage for the formation of the letters indi- 
cated on it for vertical print, having four 
angles on one side, as shown ; any of which 
may also be used for ruling for inclined 
print. They cost about Is, each, or 2^. 6d. 
for a set of three. The ordinary way of 
using them is by placing them against the T-square. 

German Text or Old English, when done nicely, is 
suitable. 

Elaborate printing and belaboured border lines with orna- 
mental comers, divert the attention of the observer from the 
drawing to the surroundings ; though it is admitted, at the 
same time, that indifferent print, or a thick black border line 




Fig. 809. 
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like a mourning card, on a good drawing, completely destroys 
the look of the drawing. 

Where there are to be two or three lines of print under 
each other on a drawing, the easiest way of dividing off the 
lettering is to take a slip of writing-paper, draw a line at a 
distance from the edge equal to the size of the letters, then 
by hand — sketch in this space all the words that belong to one 
line ; take the half of the length of the lettering on the slip, 
and put a central mark on the edge. Apply the edge of the 
slip with the sketched letters to the lower line for print on 
the drawing, having a centre line npon which to place the 
central mark of print on slip, and sketch in between the print 
lines every letter, opposite the corresponding letter on the 
slip, and so on with every fresh line of print. This will be 
found a much better way than counting the letters in a line 
and dividing on each side of the centre line for the number of 
letters ; in this way there is always trouble with such letters 
as Ws and I's not occupying the equal spaces. Even with 
half-inch letters it is easier to print them on the edge of a 
slip of paper of their proper size, and' finding the half of 
whole length, apply the centre of slip to centre line of 
printing on the drawing. 

Each letter is drawn in correctly with the pencil previous 
to inking-in. Where there is more than one line of print, 
the space between should not be less than between the lines 
containing the letters. 

It is a question of taste and convenience where to place 
the printing on a drawing. In a coloured picture of machinery 
to be framed, embracing several views — ^if each view is to 
have its special name of side elevation, &c. — ^the print should 
not be heavy looking ; though it is thought preferable only 
to state simply the sort of engine (if such) and its horse-power, 
under the lower border line, and between it and the edge 
of the frame line. 

As a guide for printing letters of proper form, the following 
examples will always be found useful for reference : — 
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No. 1. 

ABODE FG H IJKLMNOPQ 

RSTUVWXYZ 

123456789 

A BGDEF G H I J K LM N P 

Q RSTUVWXYZ 

1234567890 



No. 2. • 

/^[i©[D)i[F(g[H]a<J)[]^L[l[R!]®[PQK 

ABCDEFGHIJKLMN 
OPQRSTUVWXYZ 

a hcdefghijTclm n o p q r 

stuvwxyz 

No. 3. 





ci€ jfi 
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No. 4. 



Stencilling the print on drawings with the thin copper- 
plate and hard brush is convenient when a drawing is re- 
quired hastily; bnt, if not touched up afterwards, never 
looks equal to print carefully executed by hand. 

The following is the price of stencil plates having letters 
similar to the examples given and correspondingly numbered 
1, 2, 8, 4 :— 



Height of Letters 



|I!«. 



jr. d. 



No. 1 Alphabet, plain block 4 

Do. LettPT-H ii words, per dozen .... 1 

No. 2 Alp' abet 4 6 

Do. Let exB i i words, per dozen .... 20 

No. 3 and 4 Alphabet, German Text or 

Old English 

Do. Letters in words, per dozen .... 26 



\nn. 



B.d. 
4 

1 6 

4 6 

2 

5 
2 6 



I IN. 



«. d, 

4 6 

2 

6 

2 

6 

3 



^ IN. g IN. 



8, d, s. d. 



5 6 
2 

6 

2 

7 

3 



6 
2 
6 
2 



f IN. 



«. d, 

6 6 
2 6 

7 
2 6 



In regard to border lines for ordinary plain drawings, one 
single fine line, finished square, or rounded at the corners, 
and at such a distance from the edge of the paper as has 
been already elsewhere referred to, always looks well. Bor- 

L 8 
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dering pens for drawing thick lines, if so required, will be 
foand described in Chapter lY. 

A drawing highly finished and coloured may have a border 
line composed of two fine lines one-sixteenth of an inch apart, 
with the upper corners rounded, either quadrant, or a para- 
bolic curve, and the lower comers square, and these double 
lines filled in with gold size, or with light red, or burnt 
umber ; either of which slightly mixed with Indian-ink has a 
good effect. Two or three coats should be put on thin, or 
the top and left-hand border lines (or those corresponding to 
the direction of the light for the shadows in the drawing) 
may be shaded with light Indian-ink, after which, going all 
over with the tints referred to will give the drawing that re- 
cessed appearance in which pictures are frequently mounted. 
When border lines, as those described, surround a drawing, 
the print looks better when of the same colour, and of a 
thickness corresponding to the border line ; such print being 
first pencilled-in in outline and then filled in with the 
colour. 
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DELINEATION OF SCBEW-PBOPELLEB SLIP AND PATH. 

To delineate screw sUp. 

Having ascertained the speed of the vessel in miles per 
hour, or feet per minute, and the number of revolutions the 




Fig. 810. 



w makes in the same time, it can then be easily deduced 
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how many feet the vessel passes 
throngh during one revolution of 
screw ; which distance set off to a 
convenient scale, at a o, Fig. 810, 
making that a pitch in which to 
draw the actual curve made by 
the SQrew. Set off the distance 
A B equal to the real pitch of the 
screw ; the difference between the 
screw as working in a solid ab, 
and compressed to the distance a c 
by the friction of the vessel pass- 
ing through the water, is the slip , 
equal to c b or positive slip. Oc- 
casionally there are instances wheh 
the given speed of ship and screw 
show negative slip, as at a f. The 
difference between the actual pitch 
of screw and speed of vessel being 
B F, and as also indicated by the 
dotted curved line. The half dia- 
meter on D E is common to each 
pitch — A 0, A B, and a f ; the curves 
are drawn by the same process 
as that described in Chapter XIII, 
Fig. 204. 

Figs. 811, 812, and 818, are 
the delineations of the paths of 
screws having two, three, and four 
blades respectively. 

The pitch, diameter, and speeds 
shown, are the same for all the 
diagrams, to delineate which re- 
quires only a little cardboard mould 
having a curve equal to one-quarter 
of revolution (as a be, Fig, 811), 
The curve is found by laying it off 
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correctly in the first instance, as in Chapter XIII., Fig. 204. 
The respective centre lines are set ofif in position as indi- 
cated by the vertical dotted lines. 

Note. — In finding the curves for these diagrams (Figs. 
811, 812, and 818) it is better, so as to prevent confusion, 
to lay each path curve down separately, and then transfer 
each to the one diagram, where they are intended to be, by 
tracing. 



CHAPTER XIX. 

DELINEATION OF PADDLE-WHEEL SLIP AND PATH. 

To delineate the cycloidal curve, or path of a paddle-wheel ; 
the speed of the ship and rate of revolution of the paddle-wheel 
being given. 

Let A B, Fig. 814, be the distance travelled by the ship in 
one revolution of the wheel, and a o the diameter, the wheel 




1234J67 8 

Fig. 314. 

having sixteen arms or floats, which will be used in making the 
diagram — to render the process more easily understood. Divide 
A B into the same number of equal parts, in this instance, as 
there are arms in the wheel ; and draw vertical lines, 1, 2, 8, 4, 
&c.^ through these points ; on each of the points on the centre 
line DE, where the vertical lines intersect it, and with a 
radius equal to half diameter of* wheel describe the dotted 
circles as shown. In each circle the one arm is drawn as 
"'^vanced a sixteenth of a revolution upon its previous posi- 
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iion. Suppose the float to start from its vertical position at 
the lowest point o ; take a sixteenth of the circumference of 
wheel (the distance between two floats b f), in the compasses, 
and on the circumference of the second circle from 1 — set off to 
the left — the poijit 1', and join g 1', which will be the position 
of the arm when the paddle has advanced a sixteenth, or from 
h to g. Next, from vertical line at 2 set off the same distance 
twice on circumference to the left as from 2 to 2', and join 
k 2, which will be the position of the arm when the paddle 
has advanced two-sixteenths (or from h to A;), and so on 
until the half, or 8, is reached ; a line passing through the 
points will give the curve of half a revolution of wheel, the 
other half of curve being similar. Another method of flnding 
the points for the curve is shown for the half to the right. 
Draw the horizontal lines from the points Im, &c., where 
the several arms cut the circumference of the wheel to their 
respective radii p, r, &c., and the intersections are the points 
through which to draw the half of the curve. If a part of 
the curve is repeated at the lower part, as in Fig. 815, it shows 
the slip of the float during immersion. 

In drawing the curve of a paddle having revolving floats, 
the process is somewhat >^ 

similar. Having drawn the x^sX 

requisite number of circles, /\^-''''^'^^\ 
as in Fig. 814 (one for each "^-M^Al^Oyi^-^ "^ ^ — 

float), with their centres at //wn 

equal distances apart, the ""^g ggsg^i^^ l^^^^aa^ 
distance between the cen- ^^ 

tres of the first and last ^\g^^\^. 

being equal to the distance the vessel travels during one 
revolution of wheel; also a temporary side view of the 
wheel, with its floats in position, each float is transferred to 
its own circle at the same angle and on the same level as its 
representative in the side view of the wheel. 

The curve is drawn in with the moulds referred to in 
Chapter IV. 
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CHAPTER XX. 

TBAGINO. 

If a drawing intended to be shaded is to be traced, the 
tracing sLoiild, if possible, be done first, as it is most difficult 
to see the lines on a shaded drawing through common 
tracing paper. However, shaded drawings have frequently 
to be traced, and for these the tracing-paper should have 
more than the ordinary proportion of oil in it, or engravers* 
tracing-paper should be used, though in such cases the oUy 
tracing-paper is likely to make the original drawing greasy, 
sometimes so much so as to alter its appearance. For a 
tracing simply to be outlined, the common way is to fasten 
•the tracing-paper above the drawing round the edge with 
brass pins, the tracing-paper being large enough (especially 
if it is above a valuable drawing) to allow the pins to be 
clear of the original drawing. When a sheet of tracing- 
paper is not large enough to allow of this, and only an out- 
line tracing is required, then little strips of thin paper with 
one edge gummed on the tracing paper, and the other end 
on the board beyond the edge of the drawing, may be used, 
and placed about 6 inches apart. As weights on the corners 
come very much in the way of the square, the only other 
common way is to pin the tracing, and when it is removed 
the pin holes can be easily effaced from the drawing by 
turning it upside down and squeezing the projecting edge of 
the hole with the top of a pencil or ink-bows. Referring to 
such trifling matters may appear to be going too much into 
detail, but these little matters are of daily occurrence is 
most drawing offices. 

In tracing at any time from another tracing both should 
be placed above a sheet of drawing-paper, the lines will then 
be better observed. In all the particulars of lining the same 
rules should be observed in regard to drawing circles before 
lines, &c., as is described in Chapter XIY. 
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As the breath affects nnstretched traciDg-paper while 
tracing, it is the more correct way to entirely finish both 
circles and lines within a small area at a time, as if all the 
circles were pnt in first (as in a drawing) many of them 
would be out of position before the lines could be drawn. 

If a tracing is to be coloured it must be stretched, or it 
would never lie flat after being moistened ; and if it is to 
undergo the colouring process after outlining before being 
removed from the original drawing underneath it — the 
tracing-paper must exceed the size of the drawing all round, 
sufficiently so, that when cut off it is cut clear of the drawing 
underneath it. 

In an unstretched tracing to be coloured hastily, and for 
which process there is not sufficient time for stretching, 
weights placed close to and around any part immediately 
after the colouring is put on greatly lessens the buckling Up 
as it becomes dry. 

If a tracing is to be mounted it is unnecessary to stretch 
it before colouring, and even for colouring it can be done 
more easily after than before it is mounted. 

In the stretching process, before gumming down, the sponge 
cannot be used, but if a clean sheet of any sort of white 
paper is laid over the tracing-paper and a sponge applied to 
the top side of the former, enough of moisture will be found 
to go through the upper paper in a few seconds to stretch 
the tracing-paper sufficiently. Sometimes merely to breathe 
on a small sheet of tracing-paper will be found equally 
effective. 

In composition of tints, and shading, and colouring, the 
same rules as described at Chapter XYI. are applicable. 

In colouring tracing-cloth it presents a more satisfactory 
looking front if the outline is turned upside down and the 
shading and colouring put on the back ; the shaded side, at 
the best, is never very satisfactory, but there is produced a 
regular appearance on the right side. Tracing-cloth, although 
not damped, should be gummed to the board in the same 
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way as tracing-paper, and the tighter it is pat down pre- 
vionsly by brass pins the less liable it will be to buckle up 
after being coloured upon. The tints should be put on more 
sparingly at a time than on drawing-paper.'" 

In joining sheets of tracing-paper the joint should not be 
more than a quarter of an inch broad, and the gum should 
be nearly as thin as water for this purpose. Whenever the 
joining is made the joined sheet should be rolled upon a 
roller, and with the joining in a line with the roller ; a strip 
of drawing-paper should be placed on each side of the joint 
until quite dry, when the joining will be found straight and 
smooth. Tracing-paper, or tracing- cloth, after being drawn 
upon, is frequently mounted on thick calico when required 
for constant reference ; in which case it is better to first 
mount the tracing on white paper and then paste the calico 
on the back of the thicker paper. Tracing-paper is first 
stretched on a board by being damped and gummed down 
at the edge all round ; the white paper to which the tracing 
is to be permanently attached having a thin coating of paste 
' is then turned over on the tracing (which should be perfectly 
dry) and rubbed quickly all over the back ; when completely 
dry it is cut off as described in Chapter XXTFI. 



CHAPTER XXI. 

DRAWINGS FOR ENGRAVINGS AND PHOTOGRAPHS. 

A SHADED drawing to be engraved from should be traced, 
when in outline only, with a fine-pointed pencil, not too 
hard, and the tracing applied by the engraver to the copper 
oi: steel plate upon which the engraving is to be made. The 
engraver prefers the tracing, if he cannot have the drawing 
in outline before it is shaded. Frequently the engraver pencils 
the lines of shaded drawings over with a fine-pointed pencil, 

* Some tracing-cloth will take the colour hetter if the part to be 
coloured has a rub with hard chalk. 
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preferring that to tracing it himself; and such drawing when 
placed on the waxed surface of the metal plate, and well 
ruhbed on the back to transfer the pencil lin^s to the wax 
surface, invariably soils it ; but if traced — all the hard outlines 
of shadows should be dotted only by the pencil ; and to 
preserve the shaded drawing it should be put on a board of 
the exact size, with a glass to fit, and pasted with paper all 
round the edge to keep it in its place. This, with the tracing, 
is all the engraver requires. The shaded drawing, as well as 
the tracing, is wanted to guide the engraver in cop3ring the 
shadows generally. When only an outline engraving with 
shade' lines is required the engraver need not have the draw- 
ing at all, if the pencil tracing has a mark on the lines that 
are to be shade lines. A dot in red ink on each of such lines 
is sufficient, as such mark is also transferred to the wax sur- 
face on the plate. Another way is to give the outline of a 
drawing (which is to have shadows on the finished engraving), 
with the required shadows dotted in ; an engraved dry proof 
on drawing-paper of the plate in outline can then be given 
to the draughtsman to fill in with the shadows, and covered 
up by glass as before stated. 

A scale should always be made with the engraving or 
lithograph, instead of saying (either on the plate or in any 
accompanying letterpress) that it is drawn to any particular 
scale. The reason is, that though the metal plate, or the 
stone, or the wood may have the correct size of the drawing 
on it, yet the paper just before receiving the impression is 
damped, and consequently expands. On a length of — say 
2 feet the error will be ^ or fth of an inch, a difference 
which means 2 or 8 feet in a drawing made to Jth of an 
inch to a foot, and rendering it of no use. It is seldom any 
two engravings from the same plate are exactly of the same 
size, depending entirely on the degree of moisture in the 
paper at the time of printing from the plate ; no engraving 
is ever of the same size as the original drawing unless printed 
on dry paper, a process at once unsatisfactory. 
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It 18 BometimeB the practice when a drawing has to be 
reduced for engraving, or other purposes, to jaae photography; 
if the drawing is not too hirge this may be done satisfactorily 
enough, bat beyond a certain size— to reduce it by hand is 
more correct. In reduced photographs of a hirge drawing 
the parallel lines of the latter converge in the former for the 
reason explained in perspective. Photography is also usefal 
for enlarging within certain limits small intricate drawings. 
Drawings whose lines are in representative colours,* when 
photographed, never produce (for optical reasons) satisfac- 
tory results; blue colour, for instance, shows indistinctly, 
and yellow surfaces in shaded drawings come out very dark, 
to the disappointment of those inexperienced in the process. 
A drawing made for the purpose of being reduced by the 
process referred to should have all its lines (if an outline 
drawing) and shadows (if a shaded drawing) of indian-ink 
only. 
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In large illustrative drawings for lectures, too large to make 
on an ordinary drawing table, the best way is to tack the 
paper on the wall of a room, and use a line and plummet for 
the vertical lines and a straight-edge with spirit level for the 
horizontal lines. One good base line being made, the others 
can be made by measuring up from it at two points in the 
length, or a straight-edge may be nailed along the bottom 
of the paper and the flat stocked square, described at Fig, 14, 
Chapter HI., used for the vertical lines. The lines on such 
drawings to be visible, ought to be at least iV of an inch 
thick, for which two pencil lines should be made and the 
space between filled up with the ink ; and if a coloured illus- 
tration, should not be inked in till after the colouring, or after 

* As in office drawings for reference (Chapter XIY.). 
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the sizing process before varnishing, otherwise the thick black 
lines would be apt to run. If for only an outline, common 
writing ink does as weU as Indian ink for the purpose. Jf it 
is to be coloured it must be tak^n down and laid flat on a 
table, and if the table is not large enough to contain all the 
dra^g, the drawing must be unroUed in such quantity at a 
time as will suit the size of board or table. Should the 
paper buckle tip by the moisture in colouring (not being a 
stretched drawing) it is of very little consequence for the use 
it is to be put to. When large quantities of fluid colour are 
necessary, it will be found convenient, rather than con- 
tinually rubbing down, to melt down a shilling cake or cakes 
of colour largely used, such as Prussian blue, or yellow, in a 
wide-necked phial containing eight cubic inches of water to the 
cake, the phial containing this diluted colour being kept corked 
np when not in use, a little being taken out by the brush 
when required and diluted in water according to the depth of 
tint required. 

Besides the ordinary way of shading these drawings 
(referred to in chapter on Shading), it is effective, for such as 
are to be viewed from a distance, to shade the rounds with 
lines of Indian ink as in an engraving, put on after the 
finishing colour, and if to be varnished, after the sizing pro- 
cess and before varnishing. Another way of shading the 
rounds is by using a neutral tint (as for iron work) without 
shading off with water as in ordinary drawings, putting on 
the tint broader every time, the central darkest place being 
put on first, and diluting the tint as it gets nearer the centre o 
the round object. A round when shaded thus, when observed 
closely, appears like a figure of many sides, but at a distance 
this is not observable. 

Large illustrations can also be effectively done in oil 
colour, by sizing the paper, after the lining process by pencil 
or fine Indian ink lines. (For large sized brushes for these 
purposes, and their cost, see Chapter YI.) 
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CHAPTER XXnL 

CUTTING OFT A DSA^VIKO. 

Befobb cntting off a stretched sheet care should be taken to 
observe that it is perfectly dry, for if cat off with parts of the 
snrface a little damp it will never lie quite flat. 

In catting off a sheet which has been properly expanded 
before being gammed down at the edge, if the following role 
is not observed, there is a risk of tearing oat a piece from on£ 
comer of the sheet. 

The opposite sides should never be cut first, for if so cat, 
upon nearly completing the catting of the third side, the 
paper undergoes contraction, and the fourth side palling 
against it, is apt to snap off the remaining inch or so, and 
generally in towards the sheet, seldom in the margin on the 
outside of the cutting off Hue. The sheet should be cut off 
all round, taking care, by applying the knife blade under the 
edge of the sheet, that it is free from the board before pro- 
ceeding to cut off the side or end adjoining. When the 
knife is applied — it is better to cut by the line made at first 
for that purpose, without using the T-square or a wood 
straight-edge, the edges of either being apt to get cut from 
the process. A metallic straight-edge may, however, be used 
with advantage. 

When the sheet is removed the strips of drawing paper 
which are left on the board should be simply sponged over 
two or three times, and they will peel off easily. It is 
better also to let the gam of the joint remain on the board 
to assist in the adhesion of the joint of the next sheet to be 
stretched, if of the same size as that cut off. 

If, in a stretched sheet, it is found that only a portion is re- 
quired for the drawing to be cut off, the remaining part of the 
paper being still required for another drawing, and requiring 



STINDKY NOHTES. 



237 



its tension ; rather than damp the remainder and fix the loose 

side, it is better to make a few incisions across, as at c, Fig. 816, 

before the drawing, say on side at 

h is cut off, and having gummed and 

pinned down these at c, and let 

them dry, proceed to cut and gum 

the intermediate spaces d which will 

keep the remaining portion of paper 

a as tight as before while freeing 

the part b from the board. ^. „,^ 

*^ Fig. 316. 




CHAPTER XXIY. 



SUNDRY NOTES, 

When a drawing is cut off it is better to keep it flat in a 
drawer for the purpose, or in a portfolio, than rolled up, 
unless for exportation. Japanned tin cases are to be had 
for rolled drawings, and at the following prices: 80 inch 
65., 42 inch 7s. 6d., 54 inch lOs. 

A common substitute for string for a rolled drawing, and 
one less likely to crease the drawing, is made as follows : — 
Take a strip of drawing paper from 1^ to 2 inches broad and 
an inch longer than the circumference of the rolled drawing. 
About half an inch from each end, make incisions — at one 
end in the middle, and one-third of breadth across ; at the 
other end at the sides, each one-third across ; fold in the 
sides so that they may pass through the opening at the 
opposite end of the strip, and on being opened again after 
they have passed through, the whole will present a hoop, 
which, when slipped over the drawing, vnll keep it secure. 

Should a fir drawing board get accidentally dented, within 
certain limits an application of water to the part will bring it 
up to its proper level. 
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Should a dnwing get a grease spot, it can be very 
neariy removed (at least so far as to be hardly visiUe) by 
the application of a hot smoothing iron on dean blotting 
paper placed over the spot, bat not sufficiently to be coloured 
over. 



APPENDIX. 



The several matters contained in the following Appendix 
will be found usefdl for reference ; they are so closely con- 
nected with the subject of the book as to render some men- 
tion of them necessary. 
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PART I. 

ABCHITECTimAL OBDEBS IN ENGINEEBING. 

The following examples and description of the architectural 
orders, referred to in Chapter XIII., will be found useful, as 
giving the proportions of those most frequently adopted in en- 
gineering, namely, the Tuscan, Grecian, and Boman Doric 
orders. An example of each. Plates III., lY., and Y., is 
given, drawn to a scale, with the proper proportions in the ver- 
tical spaces at the left hand side coinciding with the architec- 
tural scale of minutes on drawing (though an ordinary scale of 
feet and inches may be applied to these drawings, and the pro- 
portions will stni be preserved). It may be as well to remark 
that the projections in front of the observer are the same as 
the projecting profile to the right, and the projections marked 
in figures are from the dotted line running through the 
centre of column, upwards. The shaft of a column is never 
cylindrical, that is, of equal diameter throughout, being 
always tapered to a certain extent towards the upper end. 
The degree of tapering is called the diminution of the shaft, 
and ranges between one-fourth and one-sixth of the diameter 
at the bottom of shaft. 

TusoAN Obdeb. — ^The total height of the Tuscan order, 
Plate III., is divided into five equal parts ; four of them are 
given to the column and the other part to the entablature. The 
column is seven diameters high, and is shorter in proportion 
to its diameter than any other of the orders. The capital is a 
semi-diameter high ; the base with the lower cincture of the 
shaft is also half a diameter. The entablature, one-fourth 
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of the column, is one-and-three-quarters diameters high ; it 
is divided in the same proportion as the other Roman orders, 
two-fifths of its height heing given to the cornice, and the 
other three-fifths divided equally hetween the architrave and 
frieze. The projection of the cornice over the vertical faces 
of the inferior memhers is equal to its height. 

Grecian Dobio Obdeb. — The follo\mig are the average 
proportions for the memhers of the order, Plate lY. Taking 
the diameter at the hottom of the shaft as the unit of mea- 
surement, the column is six diameters in height. The 
diameter at the upper end of the shaft is three-fourths of a 
diameter — ^that is, the shaft diminishes one-fourth of the 
diameter. The height of the capital is half a diameter. The 
height of the entablature is one-third of that of the column, 
or two diameters. The surface of the shaft is usually 
worked into twenty very fiat fiutes, meeting each other at 
an edge. 

Roman Dobic Obdeb.— -Dividing the whole height of the 
order, Plate V., into five equal parts, one of these is given to 
the entablature, the height of which is therefore one-fourth 
of that of the column. The column tapers one-sixth through- 
out the shaft, land is eight diameters high, of which one 
diameter is distributed equally between the capital and the 
base. When fluted, the fiutes are separated by fillets. The 
entablature is two diameters in height, and divided into 
eight e^ual parts ; these are distributed among the cornice, 
the frieze, and the architrave according to the ttumbers 8, 8, 
and 2. 



PART II. 

VOZiUTE. 

To describe a Volute: given — the nurhhef of revolutions or 
quarters of which the spiral is to consist^ the vertical height of 
the spiral, and the diameter of the eye. 

Let A B, Plate YI., Fig. 1, be the height of thd volute, and let 
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the spiral make three revolations, consistiog, therefore, of 
twelve quarters ; bisect a b at the point c, and from a b cat off 
A D, eqnal to the given radius of the eye ; divide d o into as 
many eqnal parts as there are quarter revolutions in the spiral 
to be drawn (which in this case are twelve in number) at the 
points 1, 2, 8 .... 11, 12. To prevent confusion, this divi- 
sion is indicated upon a parallel line d' c' ; draw o' e at any 
angle with o' d', and make it equal to two of these parts ; 
join d' e, and from the points 1, 2, 8 ... . draw straight 
lines 1 F, 2 G, 8 H . . . . parallel to (/ e ; taking cd equal to 
one part, draw df perpendicular to a b, and equal to 12 e ; 
draw/^ perpendicular to df, and equal to 11 q ; draw again 
g h perpendicular to fg, and equal to 10 p. Proceed in this 
manner until all the sides are drawn; then, the points 
(£,/, ^ . . . . jp, g, r, so found, are the centres from which the 
quadrants which compose the spiral must be successively 
described. For this purpose, produce d/ to 1, fg to 2, g h 
to 8, and so on ; the quadrants, as they are described, will 
be limited by these lines ; from the centre d, with the radius 
d b, describe the quadrant b 1 ; from the centre /, with the 
radius /I) describe the quadrant 1, 2; from g, with the 
radius g 2, describe in like manner the quadrant 2, 8; proceed 
in this way till the last arc, 11, 12, is described from the 
centre q, with the radius q 11; then, finally, describe the 
circle at the centre from the point r, and with the radius 
r 12. If the operation be accurately performed, this radius 
r 12 will be equal to a d, as required, and the spiral will be 
completed. 

But, as the process, as it is now described, is very liable 
to inaccuracy, the method of finding the centres shown on a 
larger scale at Fig. 2, is at once more expeditious and more 
certain. Having drawn df perpendicular to the vertical 
line, bisect it at 6 ; draw e r perpendicular to df, equal to ' 
de or efy and join dr and/r; divide er into three equal 
parts, es, st, tr, and draw isk and nto parallel to df; draw 
fg perpendicular to df, and equal to 11 Q ; draw g h and ih 
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respectively parallel and perpendicular to df^ meeting at the 
point h ; draw the diagonals g'p and h q parallel to dr and 
fr, and draw the perpendiculars kl, op, rq, nm. In this 
way all the centres are determined, namely d,f, g, h^ ', , , , 
Of p, q, r. 

To describe a second spiral, which, with the first one, shall 
include the thickness of the hem, a similar process is appli- 
cable. Set off B B for the thickness of the hem at that part, 
and, supposing the hem to diminish in thickness equally for 
each half revolution, divide b b into six equal parts. As the 
spiral describes six half revolutions, it will diminish in 
thickness one-sixth of b b for each half revolution ; set off, 
therefore, a s equal to five-sixths of b b, then b s is the heigh 
of the second spiral. Bisect b s at t, and set off s v equal to 
the radius of the eye ; divide t v into twelve equal parts, and 
the method already described for finding the centres may be 
applied. 



PART m. 

EXPLANATION OF A SHIP DESIGN. 

A ship's design, commonly called a ship's lines, is gene 
rally composed of three views, as shown in subjoined 
diagram. Fig. 817, namely : — ' < 

The Profile, or sheer draught a. 

Half Breadth Plan b. 

And the Body Plan c. 
These are always drawn together, and to the same scale, 
which is generally one-fourth or one-eighth inch to one foot ;♦ 
and with the bow of the vessel invariably to the right-hand 
side, the half-breadth plan b always immediately below the 
profile, and the body plan c to the left of the profile. 

As both sides of the drawing would be alike, one side, or 
one-half, is quite sufficient in both the half-breadth and the 

* For the form of scale on ships designs, see Chapter V., Fig 21. 
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body plan ; the midship section being the same on each side 
of the latter, one midship section is drawn, common to both 
sides — the right-hand space containing the bow end view, 
or fore-body, and the left the stern end view, or after-body, 
each as seen from amidships. The profile a shows the general 
contour of the vessel, in other words, the side elevatioD, 
together with any carving, fignre-head, ports, and other 
openings in, and projections from, the ship's side, the sta- 
tions of masts, &c. It is the part of the design which lespe- 
cially helps the owner to realise what the ship's appearance 
will be when built. 

The vertical lines are sectional, and are generally placed 
where the moulding edge of a frame or rib is to be, omitting 
one or piore between each vertical in the drawing. The one 
at the broadest part of the vesel, or midship section, is dis- 
tinguished by the conventional mark or sign underneath 
it, and to prevent confusion in the corresponding sections 
(which will be presently explained) in body plan, these ver- 
tical sectional lines are usually marked alphabetically from 
midships to the bow with capital letters, and, when these are 
exhausted, by italics. The vertical lines towards the stem 
from midships are usually distinguished by numerals ; but 
sometimes numerals are used throughout the length, begin- 
ning at the bow. If a part of the vessel amidships is parallel 
and having two or more frames or sections alike, these are 
commonly distinguished by repeating the same letter or 
numeral within parentheses. If the vertical section is where 
every second frame is to be in the ship, the first vertical ^in 
the drawing from midships aft would be marked 2, showing 
that a 1 (frame) has to be placed between midships and 2, 
in the construction of the ship. The same rule is observed 
in proceeding forward from midships ; if every second frame 
only is indicated by the verticals, the first letter from mid- 
ships would be marked b, showing that between midships 
and B another frame a is to be placed in the ship. 

The longitudinal lines parallel to the lowest horizontal 
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line are called water lines, and named first, second, third, &c., 
placed two or three feet apart, the top line being the load- 
water line ; it is frequently made stronger than the others. 
When the lower line, or keel, is not parallel to the load-water 
line, the intermediate lines, 1, 2, &c., would, in most cases, 
be drawn parallel to that line ; if drawn parallel to the> keel, 
they are known as " level '' lines. These water lines are 
simply to indicate the position of the horizontal sections, 
pl^ns of which are given in the half-breadth plan b, below 
the sheer draught a. The dotted curve line on side view (of 
which there are generally more than one) forward of mid- 
ships is named bow-line, and aft of midships buttock-line. It 
represents the section of the ship made by the vertical 
longitudinal plane of which h k shows the position in the half 
breadth. 

The half-breadth plan b shows the exterior plan of vessel 
and the plan of the water lines, which are in this view 
curves. The widths from the centre line to these correspond, 
of course, to the positions of such sections, 1, 2, 8, &c., in side 
view A, and body plan c. The longitudinal dotted line h k 
gives, as has been said, the position of the bow and buttock- 
lines, which, in the profile a, are represented by the curved 
dotted line, and show the form df the longitudinal section at 
the particular place indicated. Such lines are also a check on 
the other lines in proving their fairness, inasmuch as all the 
points in the intersection of the straight and curved lines 
must coincide in each view : for instance, if from the point lu 
in profile a, where the curved bow line intersects the stra^ht 
side view of the second water line, a vertical line be drawn to 
the half-breadth plan b, it should intersect the curved plan of 
the second water line where the straight corresponding plan 
of dotted bow line h k intersects it at p, and so with every 
other point of intersection. The transverse lines which are 
numbered and lettered correspond to the vertical lines in the 
profile. 

The body plan, or end elevation, c, shows the outline ''' 
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midships, and the curved form of frames corresponding to ihe 
positions of the lines of the vertical sections on profile and 
half-hreadth plans, lettered and nnmhered to correspond. 
The water lines are straight, and correspond to the relative 
lines in the profile a. The bow and buttock-lines hk toe 
also straight, corresponding to the line ^A; in half-breadth 
plan B. The breadth of the water lines, at any of the cnrved 
intersections of the frames, corresponds with the breadth at 
corresponding frame or section on half- breadth plan b. For 
instance, the breadth b o at the frame or section h, second 
water line, coincides with the breadth from h to the second 
water line, on half- breadth plan b. In after body c, the dis- 
tance B V, frame 20, second water line, corresponds to the 
distance 20 a? on half- breadth plan b, and so on. The points 
also where the straight bow and buttock-lines in body plan c 
intersect the curved sections of frames, coincide with the 
relative intersections on profile a, where the sections at 
frames are straight lines, and the bow and buttock-lines are 
curves. For instance, the point y, where the buttock curve line 
on profile a intersects frame 16 between the first and second 
water lines, coincides with the point f in the body plan c, 
where the same buttock line intersects the frame 16. Fre- 
quently, as a further check, particularly for laying down the 
fall size of the ship in the moulding loft, which often, for 
want of surface, has to be done in short lengths, diagonal 
lines are drawn, as shown on the body plan c, from the 
centre line to the side of body, which in the profile a and 
half-brealdth plan b would be represented as curved lines, 
and all the other points of intersections of such additional 
lines and curves must agree in the three difierent views of 
the design. 

The curves in profile a and half-breadth b are drawn by 

the baton held by weights, and the curves of the body plan 

by parabolic and other moulds (Chapter IV.). The curves 

throughout a ship design always represent the form of vorsaI 

^.he planking. 
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Sail draughts are generally made to a scale of i or iVi^ch 
to the foot, and ship details to i i^^ch to the foot. Some 
designs contain a scale of displacement, which may be ex- 
plained as follows : — 

AB, in Fig. 818, represents the ship's mean draught of water 
on a certain scale (usually i or ^ inch = 1 foot) ; and o c, d c?, 
&c,, represent the several water-lines, a a being the load- 
water line. On A a (drawn perpendicular to a b) a length is 
set off, representing on a certain scale of tons per inch (say 
100 tons = i inch) the ship's load displacement ; on o c b, 
length representing her displacement at the draught b o, 




¥\g, 818. 

on D d B, length representing her displacement at the 
draught b d, and so forth. Through the points thus ob- 
tained the curve a c d ef bib drawn, and from it the ship's 
displacement at any draught can be obtained by first measur- 
ing the draught upwards from b, and then measuring the 
length of the perpendicular meeting the curve. In calcu- 
lating the tons weight of displacement from the cubic content, 
85 cubic feet of salt water are taken as one ton avoir- 
dupois. 

Note. — The design shown at Fig. 817 is that of a sailing 
ship, and is selected in preference to the lines of a steam- 
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ship, though the latter more immediately concerns the engi- 
neer ; bat the former, having a greater proportion of breadth 
to length, shows the several carves more distinctly. 



PART IV. 

DETAIL DBAWINOS OP STEAM- VESSELS. 

Detail plans and sections have their outlines taken from a 
design similar to that described in Part m., and are filled in 
with the various fittings, machinery, boilers, coals, &c. If 
a plan is required of any section between any of the water- 
lines shown in the half-breadth plan of a design, a line of 
section at the required height is drawn on the body plan ; 
and on this line measurements taken from the centre line to 
the intersectional points of the frames, and^ laid off from the 
centre line of the half-breadth plan at each corresponding 
transverse section, will be the points through which to draw 
the required sectional curve. 

If a transverse (or cross) section is required between any 
of the curved sections or frames which are shown on the body 
plan of a design, a transverse line of section is drawn at the 
required position on the half-breadth plan in design, on which 
the several breadths are measured from the centre line to 
the intersections of the curved water lines, and laid off on 
the corresponding straight water lines in body plan from its 
centre line ; a curve line passing through the several points 
will be the required cross section. 

In mechanical details of matters connected with shipbuild- 
ing where an engineer would describe a circle a shipbuilder 
would draw a parabolic curve with the mould ; the latter 
in most cases looks more *^ ship-shape ; " besides which, from 
a scientific point of view, it is allowed, to be more correct. 

In making highly-finished coloured drawings of the exte- 
rior side vi^^sv, deck, sections, and especially of a longitudinal 
'"u, there is scope for the exercise of much taste, as in 
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the representation of cabin fittings and general orramental 
work ; and a little more skill — akin to art, than in shading and 
colouring the engineering portion of such drawings.* The 
projections of some of the shadows are also more intricate. t 

T/ie Exterior Broadside View, — ^In representing the lines 
of plating, when they are to appear on a side view, they 
should be first correctly drawn on the body plan ; and the 
measurements, taken vertically to the intersecting points on 
the frames, should be laid off on vertical lines indicating the 
positions of such frames on side view, and lines drawn through 
the points with the baton and weights (Chapter IV.). 

For a paddle steamer it is necessary to project the shadow 
of the rings and floats on the side of the vessel. For the pro- 
jection of the rings that described at Fig. 280, Chapter XY., 
is applicable. Having found the points for the shadow of 
one set and its arms, the simplest way is to trace it, and 
transfer each to its respective place corresponding to its 
distance from the plane, and laid off from the centre of 
the paddle, and at the same angle as indicated at Chapter 
XY . For the proj ection of the shadow of the floats the method 
described at Fig. 288, Chapter XY., is applicable. The projec- 
tions of the sides of the floats on the rounded part of the vessel 
at bilge are straight as in the upper floats, the ends of the lower 
floats only being curved ; the points being found as in pro- 
jecting the shadow of a square flange on a horizontal cylinder. 
The tints for shading are; similar to those for engineering 
drawing (Chapter XVI.). 

In shading the outer and inner streaks of the iron plates a 

* Additioaal colours to those ^ven in Chapter VI. for engineerings 
drawings are requisite, comprising verdigris green, yermilion, ^nd 
cobalt blue. The two former cost 1#. c^ch, small '* half-cake" of 
the latter, /)«; 

t In projecting the shadows which follow, the same rule is observed 
as for engineering drawings in Chapter XV. (or the process an 
engineer would naturally follow in making finished coloured drawings 
of a ship). In drawings by a shipbuilder ooth the shadows and shade 
lines are generally on the opposite side to the engineer's (or on the 
lower and left sides of projecting objects, the upper and right sides 
being opposite the light). The angle of inclination of the shadow in 
their drawings being the same as in engineering drawings. 
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little light should be left on the top edge of the former as in 
shaded engineering details. It costs much time and labonr 
to leave the light in the shading process, and to preserve 
the general look of the shadow unbroken, doing it streak by 
streak. A better shade in every way is produced by going 
over all the plates without leaving a light, one streak at a 
time. If the following method is observed time and trouble 
will be saved. Draw a line at the top of the plate with 
flake- white by the drawing pen, colour over with washes of 
tint, Ave or six coats, the sponge will then take off the flake- 
white and leave a light line, which when coloured over virith 
more tint after being sponged and dry will present sufficient 
contrast with the dark parts to give the eflect required. The 
top sides after shading should be washed all over two or 
three times with the ordinary neutral tint well watered, 
after which a thin coating of burnt-umber. The lower part 
under the load-water line should have a yellowish tint, com- 
posed of yellow ochre, gamboge, and Indian red. The red 
colour for the paddle should be composed of gamboge, lake, 
and a little carmine. 

The masts, if to represent wood unpainted, should be 
shaded first with the neutral tint, then with Indian red, and 
washed all over with yellow ochre and Indian red combined, 
then grained with Indian red not too thick. 

If the water line is to be shown at the 
endsin such drawing, or any other coloured 
view, a thin wash of Prussian blue should 
be laid on close to the line, washing off the 
lower edge with water, and which, when 
dry, should have graduated parallel Hues 
of verdigris green put on above it with 
the drawing pen, the lower being broken 
lineS; as in adjacent diagram Fig. 819. 

Longitudinal Section, — To project the shadow of the deck on 
the inner side in a longitudinal midship vertical section. 
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Let A, Fig. 820, be the loDgitndinal section, on which the 
shadow of the deck h is to be projected. 

Transfer from working drawing of ship (as at Fig. 317, Part 
III.) a part x of body plan, having as many sections b, g, d, 
&c., as are contained in the length of the longitudinal part a.* 

Firstly. — When the deckn is horizontal or without sheer, — 
From the point o in end view k draw the^ relative angle of 
light r ; from the point where the line o r intersects the 
section or frame b, draw a horizontal line to the correspond- 
ing vertical section b in longitudinal view a, intersecting it at t, 
which will be a point for shadow. From the point where 
the line o r intersects the section or frame o, draw a hori- 




Fig. 320. 



zontal line to the corresponding vertical section o in longitu- 
dinal view A, intersecting it at s, which will be a second 
point for the shadow. Proceed similarily for the other 
intersections. A curve line passing through the points thus 
found will be the projection of shadow required. 

Secondly. — When the deck has sheer. — Let a, Fig. 321, be 
the longitudinal section upon which the shadow of the deck 
z is to be projected (the sheer is exaggerated so as to show 
the process more distinctly), and b the body plan, transferred 
from a working drawing, and having as many sections as are 
contained in the longitudinal part a. Draw the relative angle 
of light d e in bbdy plan b. In this instance a part plan 

* To which add the thickness of side, if a wooden ship, to rep' 
the inner siirfaoe on which to project the shadow. 
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fonn of ship's side between eaeh of the vertieal sectioiis is 
necessary, snoh form being taken on the diagonal lines 
between each vertioal section in body plan, eaeh sneh 
diagonal being in the direction of the light. In plan o, from 
the points o, h, i (corresponding to the same sections in 
side view a), draw the relative angle of 
light o, fttf &e. From the point s in body 
plan B, where the diagonal d e intersects 
the section o, draw a vertical line • 2, in- 
tersecting the corresponding section o in 
plan at i ; and from the point / in body 
plan B, where the diagonal d e intersects 
the section h, draw a vertical line / k, 
intersecting the corresponding section h in 
plan c at k^ and join I k, which will be the 
form of ship's side between the sections « 
and H in plan c. From the point n in plan 
0, where the angle of light o m intersects 
the line I k, draw the vertical line n o, 
intersecting the angle of light dsin body 
plan B at o. From the point o draw the 
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horizontal line o p, intersecting the ordinary diagonal line of 

light r » in side view a at p, which will be a point fop required 

•diadow. Repeat the same process with the remaining 

ctions for the points « and « on the ordinary diagonata 
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in side view a ; a onrve liae passing throngh p, £, Uy x, will 
be the projection of shadow required. 

Note. — ^If the form of the ship between each of the cross 
sections on the line of relative angle of light in body plan b 
were straight, another method of finding points for the carve 
YTOold be as follows : — ^Draw horizontal lines from the points 
e and/ on sections a and h in body plan b, respectively, to 
the points v and w on the corresponding sections g and h in 
side view a, and draw the line v w^ which will intersect the 
diagonal r s ; the intersection would be a point for shadow^ ; 
similarly from the other sections in body plan b would be 
found other intersectional points for shadow on their respec- 
tive diagonals. 

In a drawing intended to be a picture, such as the longi- 
tudinal or other sections of a ship, where the iron is painted 
red, the finishing tint should be composed of lake, gamboge, 
and carmine. The shade lines on the under sides of pro- 
jecting plates, sides of frames, and rivets, should be lake 
only. The rivets, when to a scale of one-eighth of an inch 
to a foot, should not be inked4n previously. It is common 
in making such finished sections, to colour the inside of the 
hull blue, because it is iron. Blue is very well for the repre- 
sentative colour of the iron in certain drawings only. For 
drawings, if to a scale of less than three-eighths of an inch to 
a foot, the section of iron plates or angle iron on a darkly 
shaded ground should be drawn in with indigo, or Prussian 
blue mixed with flake white, after all the finishing colour is 
put on ; Indian ink never shows well, being of a glossy 
nature. In drawings to a larger scale the sections of iron 
plates should be composed of two lines for the thickness 
filled up with light Prussian blue.* 

* In sectional drawings, to be in outline only, to any scale under 
f ths of an inch to a foot, whore a thickness of iron plate is shown, it is 
better to make it a thick black line, a little thicker than any shade 
lines, if any, on the drawing ; when to a scale above f ths the thick- 
ness should be composed of two lines. The same remarks apply to 
angle iron. 
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Upper deck plan : After all the ordinary objects are drawn 
on this (or other deck plans) the deck lines should be drawn 
in. The best way to insure correctness is to set off the 
breadths from the centre line upwards on margin at each 
end, and from the centre line downwards ; the lines being 
drawn with Indian ink not too thick along a straight-edge 
held by weights at each end at the divisions. (For project- 
ing the shadows see Chapter XV., First Series. For pro- 
jection of shadow of paddle box, if a paddle steamer, see 
Chapter XV., Fig. 247.) 

The tint for the deck should be gamboge with a little yellow 
ochre, well watered ; for coamings of hatchways and other 
dark wood- work, lake and burnt umber ; for light wood-work, 
gamboge, yellow ochre, and Indian red combined. Glass of 
skylights, after being darkened a little by neutral tint, should 
have a coat of green, composed of Prussian blue and gamboge. 

In cross sections, or longitudinal sectional plans of steamers, 
coals have frequently to be represented, to indicate their 
place. These, when done in Indian ink only, have always a 
brown appearance, and in some drawings (otherwise good 
and highly finished), are so regularly and ineffectively shown 
as to destroy the appearance of the drawing. Anything touch- 
ing on ffne art, and apart from plain lining and shading, 
the engineering draughtsman is generally apt to shrink from,* 
but a very good way of showing coals fit for coloured 
engineering drawings can be made in the foUowing way :— 

Though coals in themselves are always black, at a distance 
they are of a bluish colour. Therefore a little Prussian blue 
and Indian ink will be found the best tint with which to 
represent them. As they are of the most irregular forms, the 
difficulty is generally in making them so. To get such 
irregularities on the siJace allotted for them — ^put the tint 
named in patches here and there, as at a, Plate YII., and when 
the first lot are dry, come over them again anyhow, and in 
all directions, repeating the process many times until every 

* Unless he has already some knowledge of the dubject. 
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"wliite part of the paper in the space disappears. If then not 
dark enough, come over all the surface ; and making darker 
and lighter patches here and there to represent little hills 
and valleys, the patches heing darkest next to any part that 
projects a shadow, such as would be caused by the side of the 
ship or bulkhead, &c., as shown at b. The space will now be 
filled with little irregular figures, some lighter and some 
darker. The lighter bits are supposed tolse more opposite the 
light than the darker. Then with indigo and a fine brush 
surround each of these little irregular bits as at c, making the 
backs of the lighter ones with a4)roader line of indigo, as when 
inclined more opposite the light ; in such position more 
of the back of the piece will be seen. Then with a pricker 
scratch the fronts opposite the light of each individual piece as 
at df but those down in a hollow more slightly. The front 
part of the shadow of projecting enclosure should be very 
irregular, and within that shadow the forms of the light and 
dark bits should have the indigo as in the others, but no 
light shown on front of them as in the parts exposed. 

Note. — It is almost needless to add that if a drawing is to 
be sponged it must be done before such process as that 
just described, and before any thick lines or chalky colours 
are put on ; and if to be a varnished drawing, after being 
sized, but before being varnished. 

A border line of a rope pattern looks appropriate when 
surrounding any highly finished drawing connected with 
naval architecture. The comers for this pattern should never 
be square. 



PART V. 

PERSPECTIVE DRAWING. 



In the following example of perspective it will be seen that 
instead of the horizontal sides appearing parallel, when pro- 
duced, they meet in a point. Perspective is simply ft section. 
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by a plane, eaiting the rays from all the visible points of the 
object to the eye» giving the same proportion of the different 
parts of the object wherever that section is placed between 
sach object and the eye. 
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Fig. 823. 



In the accompanying example, Fig. 822, a is the front eleva- 
ind B the plan of an object, drawn to their proper propor- 
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tions, or to a scale. The plan b being placed at snch an 
angle to the horizontal line / 6 as is deemed suitable for the 
view required in perspective. The line / 6 is the plane of 
section of the rays from the several points to the eye of the 
observer at the point d, which point is placed in any suitable 
position ; the lines d e trnd df Me drawn parallel to c h and 
eg respectively. The horizontal line i k represents the ground 
line on which the elevation a is erected. The line Im is 
the height of the eye from the ground, and parallel to it. 
From the point /, on the line f e, & vertical line is drawn 
intersecting the line 2 m at Z, which is the vanishing point ' 
for the lines to the left side of the perspective elevation ; 
also, a vertical line is drawn from the point e, on the line/«, 
intersecting the line Z m at m, which is the vanishing point 
for the lines to the right side of perspective elevation. The 
lines py p, &c., are drawn from the points in the plan b 
towards the point of sight d, it being sufficient for the pur- 
pose to terminate them at the line of section / e. The ver- . 
tical lines, as at q, r, are drawn from the points of intersec- 
tion in the plane /^, which give the right and left comers of 
perspective pedestal ; and from the point a?/ where the central 
line c X intersects the ground line i ky the line x m is drawn 
to the vanishing point m, which gives the base line of right 
side of pedestal, and the line x I ia drawn to the vanishing 
point Z, w];dch gives the base line of left side of pedestal. 
Vertical lines are drawn from all the points in the plane / e, 
where the rays from the points in the plan of object intersect 
it. The horizontal lines z are drawn from the front eleva- 
tion A to the vertical line h o, and from the points where 
they intersect it — lines are drawn to the vanishing point m. 
The perspective is completed from the points where the 
vertical lines intersect the vanishing lines on either side, 
And as explained by the dotted lines.* 

* In a perspective drawing where the vanishing point is incon- 
veniently distant, an instrument called a centrolinead will be found 
convenient. It is composed of three moveable bars, the price of which, 
30 or 42 inches, in ebony, brass mounted, is Ida, ; electTum mounted, 
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PART VI. 



ISOBfETBICAL DRAWINO. 



IsoMETRiCAL projection, though somewhat similar to real 
perspective, differs from it in this, that whereas the angles in 
the former, as a rule, are drawn at 80° with the horizon, 
and measurements of any part, as in common drawing, can 
be readily taken off ; in the latter, parallel lines vanishing to 
a point (the objects getting less to the eye as they recede), 
the object cannot be measured readily enough for practical 
purposes. 

An isometrical cube may be drawn by describing a circle, 
and with the radius dividing the circumference by it into 
six equal parts, as in Fig. 828, completing the hexagon by 




Fig. 32S. 

drawing the lines between the points thus found, and join- 
ing ah, a Cf and a d, by straight lines to the centre a of the 
circle ; the part between c b being the representation of the 
top, and that between d c and d h the two visible sides ; the 
line a d being always drawn vertically from the centre of 
circle a, and thus parallel to the sides c e and bf, * 

Or the same results may be obtained by using the wood 

2d«., including studs to work against. A temporary instrument may 
be made by nailing two pieces of wood on the stock of the T-square, 
having first found the proper angle at which to set them, and ha\ang 
two nails on the margin of the board against which to bear it« taking 
care that the front edge of the blade of T-square is in a line with the 
-centre of the circle which the square in its position would describe. 
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angle of 80° bearing on the edge of T-6quare set horizontally. 
Describe a circle, and through the centre a, Fig. 823, draw a 
vertical line g d, and from the point d where it intersects 




Fig. 324. 

the circle, and with wood angle of 80° on the T-square 
draw the line d /, also the line a h from the centre a of the 
circle, and c g from the point g^ where the vertical line d g 
intersects the circle ; also, by reversing the wood angle as at 
d e, and from the point d, a, and g, respectively — draw d e, 
a c, and g h ; join c e^ ad, and h f hy the vertical lines as 
shown, thus completing the isometrical cube, the lines of 
which are obviously all of equal length. 




Fig. 826. 



Almost any variety of such objects, all pleasing to the eye, 
can be projected, as at Figs. 824 and 325, with theT-square and 
little wood angle, hardly any measurements being necessarj'. 
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PART vn. 

8IZIM0, VABMISHINa, AND FBAMINa. 

In drawings to be varnished, thick lines, such as shade lines, 
and chalky colours shonld never be put on before sizing, as 
they blot under the process ; and before sizing the drawing 
should be permanently stretched on cloth on a frame, as 
described in Chapter IX. The best size for drawings is 
isinglass. The little holes, if any, made by the compasses in 
drawing the shade circles, should have a little size put over 
them to prevent the varnish penetrating and making a brown 
mark. 

The best varnish is Canada balsam, which, as in sizing — 
should be put on with a flat fine brush. 

In a large drawing simply to be mounted on cloth for 
rollers, the cloth should be tacked as tightly as possible 
round the edge to a board or table, the tacks being driven 
only half in. The back of the drawing, or paper to be 
drawn on, should be damped before pasting,* and then laid 
on the stretched linen, or ** brown holland," and pressed 
gently with a clean cloth. The size and varnish should be 
put on the drawing while laid horizontal, to prevent flowing 
to the lowest part of it. The varnish must be quite dry 
before detaching the drawing from its nailed position. 

To Frams a Drgmng, — In framing a drawing for hanging 
up, dust may be kept from it by pasting narrow strips of 
paper all round inside at the edge of glass and frame. If 
to be put in a plain frame having a gilt strip, it is a preser- 
vative from tarnishing to put it inside the glass. When the 
drawing on the stretcher is placed in the frame and paper 
stretched all over the back (being all slightly damped pre- 
viously and pasted down at the edge) the dust will be 
entirely excluded from the drawing. 

* The paste should be quite cold before using, for if put on hot the 
^"^am is apt to raise blistOTS on the paper. 
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A shaded drawing when hung up should be in such a 
position that the lights in the drawing coincide with the 
light through the window. 

The same rule applies to an outline drawing having shade 
lines. 
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„ to describe a 56 
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n 99 t9 unequal diameters . . . .115 

» n >t suid spheres 120 

„ hexagonal „ „ 121 

9 rectangular and conical objects 116 

» „ objects 121 

9> if rt ancl spheres .... 119, 120 

Ionic volute^ to describe 242 

Iron-plate sections 133,221,255 

Irregular figures, copying 72 

„ objects, measuring . . » 80 

9> PolyROQ) definition of an 38 

Isometrical projection 260 

Isosceles, trapezoid 38 

„ triangle 36 

Join dba"wino-pafbb, to 27 

„ tracing ^ 232 

Laboe hachinebt, drawing from ,75 

Lead weights for batons (and cost of) 14 

„ „ for general use (and cost of) 15 

Lectures, drawings for 234 

Light for drawing office 1 

„ reflected 208 

„ on edge of flat surfaces in shading 215 

Line, definition of a 34 ' 

„ for cylinders of beam and side-lever engines, centre ... 85 

„ engine-crank at half-stroke, centre 85 

„ to draw a pencil 32 

„ „ an ink I33 

„ „ a curve ••••...•• 73 

„ into any number of equal parts, to divide a straight • . • 51 

„ horizontal 34 

„ inscribed 41 

„ mixed 34 

„ oblique 35 

„ perpendicular 35 

„ vertical 34 

Lines 34 

„ centre , 69 

„ concentric 42 

„ not continuous, drawing . , 73 
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LioeB in drawings, dotted • a • • • • • • 83,134 

„ eccentric ^ 

„ parallel 34 

„ to draw parallel 50 

„ from a centre, to draw radial 100 

„ on the circumference of a circle without a centre, to draw radial . 55 

„ riiade 136 

„ ihip's water- 247 

Long drawing-paper, to rtretch i'6 

Longitudinal sections . 81 

Majob axis 43 

Malleable iron tint 218 

Margin for drawings, breadth of 68 

Mark dimensions, cc, in sketch-book, to 76 

Measure between columns, Ac, to 78 

Measurements from a copy 69 

„ „ large machinery 77 

„ „ models 75 

„ requisites for taking 76 

Measuring of irregular objects 80 

„ wheels 76 

Minor axis 43 

Mitre wheels, to draw ■ . . 98 

„ „ in an oblique position, to draw 102 

Mixed line 34 

Models, drawing from 75 

Mouldings 86 

Moulds for curves (and cost of) . 16 

Nbgative and positive screw-propeller slip, to delineate • • . 226 

Nests, cabinet (and cost of) 20 

Neutral tint for shading 206 

Ninety degrees, definition of an angle of ...... 46 

Nonagon 39 

Nuts, to draw six-sided 55, 113, 114 

„ to measure „ 81 

„ radius for the curves of „ 114 

„ shade lines on „ 138 

„ shading of „ • . 212 

Oblique link, definition of an 35 

„ position, to draw bevel-wheels in an 102 

„ „ „ cylinder in an 104 

„ „ „ valve casing in an 106 

„ „ „ plummer block 107 

Obtuse angle 35 

„ angled triangle . . . . ' 36 

Octagon, illustration of an . . . 39 

„ in a given square, to describe a regular 56 

Octahedron 43 

Ofiice for drawing, and furnishings ... ... I 

Ogee, to describe the 91 

Old English print 225 

Order, description and example of the Grecian Doric . . • . 242 

„ „ „ Roman Doric • • . 242 

„ )) w Tuscan . , • . 241 
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Order, example of shaded Tuscan 216 

Orders of architecture in engineerinf^ 241 

Ordinate 42 

Ovals, methods of describing 58 

OtoIo, to describe the Greek 87 

,y „ hyperbolical 89 

„ „ Roman ....<.... 86 

Ox-gall for inking (and cost of) ...»..,. . 131 

Paddle-wheel, to delineate the cycloid curve of a . . . . 228 

Palettes (and cost of) .... , 20 

Paper, drawing (and cost of) ....••.. 22 

„ to join drawing 27 

„ to stretch long drawing 26 

„ „ ordinary „ 24 

„ „ tracing 232 

„ tracing (and cost of) 23 

„ to make tracing 23 

Parabola 60 

„ from a conic section, projection of a . • . • .61 

Parallel Unes 34 

„ to a given line, to draw a line 50 

„ rulers (and cost of) 11 

Parallelogram 37 

Path, delineation of a screw-propeller ....... 227 

„ „ paddle-wheel 228 

Pen, ordinary drawing (and cost of ) 11 

„ bordering drawing (and cost of) .13 

„ double drawing (and cost of) 13 

„ wheel (and cost of) 13 

Pencil bows (and cost of) ... 10 

„ circles, to draw • . 33, 71 

„ point 32 

Pencils 16 

Pentagon 38 

„ to describe a 55 

Perpendicular line, definition of a 35 

„ in a right-angled triangle, definition of the ... 36 

„ to a given straight line, to draw a 48 

Perspective drawing 257 

Photography, enlarging or reducing drawings by 233 

Pins, drawing (and cost of) ,12 

Plan, position of a machine 69 

„ ship's body 247 

Plate, sections of iron 133, 221 

Plates for print, stencil (and cost of) 225 

Plummer blocks, &c., in an oblique position, to draw plans and end 

views of 107 

Point, definition of a ' 34 

„ to draw a parallel through a given 50 

Polygon, definition of a , . .38 

„ circumscribed < 43 

„ Irregular . 38 

• „ regular 38 

Polygons, illustration of regular ^38 

Positive and negative (screw propeller) slip, to delineate • • . 226 

Preparation for drawing on boards 23 

„ „ stretchers . . , . • > . 29 
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Pricking, copying a drawing by 72 

Print, yarious examples of 224 

„ set squares for (and cost of) 222 

Printing and border line . . • • 222 

„ on drawings • • . . . 223 

Prism, hexagonal 44 

„ quadrangular 43 

„ triangttliur 43 

„ truncated 44 

Profile, ship's . . 244 

Projection of an ellipse from a conic section 63 

„ „ „ cylinder section 60 

„ isometrical 260 

„ of a parabola from a conic section 61 

„ of shadows (see Shadow projections) . . . . . 138 

Propeller path, to delineate screw . 227 

„ to draw sections of a screw 128 

„ slip, to delineate screw 226 

Propellers, illustration of front and side views of various screw . . 129 

Proportion of shafts of columns 241, 242 

Proportional compasses (and cost of) 12 

Proportions of spur-wheel teeth, table of 97 

Protractor, application of . 46 

Protractors, cost of 12 

Pyramid, hexagonal 44 

„ inclined 45 

„ quadrangular 44 

„ triangular 44 

QuADRAirOULAB PRISM 43 

„ pyramid 44 

Quadrant, definition of a ,46 

Quadrilateral figure, definition of a 36 

Quadrilaterals, illustration of 37 

Radlll limes from ▲ GBNTRB, to dnw 100 

„ „ on the circumference of a circle without a centre, to draw 55 

Radiated shadovrs 139 

Radius 40 

RecUngle . ' 37 

Rectangular and conical objects, intersection of 116 

„ objects and spheres „ .... 119, 120 

„ „ intersection of unequal 121 

Rectilineal angle, definition of 35 

Reducing a drawing from a copy ....... .74 

„ and enlarging drawings by photography • . . .233 

»» t, yy scales 74 

Reflected light 208 

Regular curves, to draw 73 

„ polygon, definition of 38 

„ polygons, illustrations of 38 

„ solids 43 

Requisites for drawing office 1 

Rhomboid • 37 

Rhombus « • • . 37 

Right angle, definition of a . , « .35 

„ angled trapezoid , . .37 
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Bight angled triangle 36 

yt n » definition of the ba^e and perpendicular of a . 36 

Ring sections, circolar 161 

Rivets on a curved surface, to draw 112 

Roman cyma-recta, or ogee, to describe 91 

„ Doric order, description and illustration of ... . 242 

„ ovolo, to describe Uie 86 

Rubber, India 16 

Ruled sketching-paper (and cost of) 76 

Rulers, parallel (and cost of) 11 

SCALB OF DISFLACBMBNT 249 

„ architectural 19 

„ drawing by 74 

^ „ for a drawing, to make a 84 

' „ shipbuilders' 18 

Scalene triangle 36 

Scales (and cost of) 17 ^ 

„ enlarging or redncing drawings by 74 

Scape, or conge, to describe the 90 

Scotis^ to describe the - . 93 

Screw propeller, to draw sections of a 128 

„ „ path, to delineate 227 

„ „ slip, to delineate positive and negative . • . 226 

„ thread, to draw a 122 

„ threads to the inch and diameter, table of 125 

„ or worm wheel, to draw a 125 

„ propellers of 2, 3, and 4 blades, front and side views of . . 129 

Secant 41 

Second-hand drawing instruments 10 

Section, definition of a .59 

„ of a cone, to project an ellipse, from the 63 

„ „ „ hyperbola, from the .... 63 
„ „ „ parabola, from the . • . .61 

„ of a cylinder „ ellipse, from the 60 

Sectionised worlc, colouring on ....... 220 

Sectionising any material . 82 

Sections of cones 60 

„ cylinders 59 

„ iron plate 133, 221 

„ longitudinal 81 

„ rings 161 

,y screw propellers, to draw 128 

„ transverse 81 

Sector 40 

Segment 40 

Semicircle 39 

Set squares (ordinary) (and cost of) 15 

„ for print (and cost of) 222 

Shade on bright metal work 212 

„ circles 137 

„ on flat surfaces 213 

„ lines 136 

Shaded Tuscan order 216 

„ tracings 231 

Shading and colouring 205 

„ ordinary cylindrical objects 208 
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Shading large cylindrical objects . 
„ fiat surfaces • 

outline engravings . . 

procem 

six-sided nuts .... 

tint 

tumblers for (and cost of) • 

Shadow anf^le 

projections . . . , 
bracket on a concave surface . 
ff convex ,y 

„ plane at right angles to it 

circular flange on a conical stuffing-box (vertical) 

„ (inclined) 

horizontal cylinder at right angles to it 
an inclined „ „ „ 

„ plane at right angles to it 
a vertical „ „ 

„ cylinder „ 

flanges on various forms at right angles to them 
object, or disc, on a sphere . 
orifice on a plane parallel to it 
recess „ at right angles to it 

column (in its section — ^a cross) on a plane at right angle 
concave cover, in a vertical cylinder section 
convex „ w » 

cylinder on a plane parallel to its axis 

„ at right angles to its axis 

sections 

^horizontal) on another adjacent and vertical 
(vertical) on another adjacent and parallel to it 
deck (level) in a longitudinal section of a ship 

„ (with sheer) „ „ „ 

disc (vertical) on a horizontal cylinder parallel to it 
„ (vertical) on a sphere .... 

elongated sphere on a plane parallel to its axis . 
flanges of various forms on planes, &e. 
flat cover in a vertical cylinder section . ^ . 
„ covers in oblique „ sections . 

fluted column on a plane at right angles to it . 
half cylinder „ „ to its ends 

hollow semi-sphere 

horizontal straight object on an inclined plane 
knee, round (circular in section), on a plane 

„ square (square in section) „ 

obelisk on a plane at right angles to it 
oblique flange on a plane at nght angles to it . 
plane in a cylinder .... 
square column on a plane 

at an angle of 45o in a recess 
at a greater angle than 45^ in a recess 
„ „ on two parallel planes . 

octagon on a plane at right angles to it . 

„ round, and square flanges on various forms 
ogee on a plane at right angles to it 
paddle float, on a float adjoining (both oblique) 
floats, on a plane at right angles to them 
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PAOX 

211 
214 
221 
210 
212 
206 
20 
139 
138 
178 
178 
156 
177 
177 
171 
175 
174 
159 
170 
173 
198 
155 
145 
142 
188 
188 

154, 180 

. 141 

187—189 

182, 183 
. 184 
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. 252 

. 253 

. 185 

. 198 

. 200 
172, 173 

. 188 
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142 

153 

164 

191 

204 

150 

144 

158 

190 

146 

147 

148 

149 

. 142 

172, 173 

. 157 

. 195 

. 193 

. 193 
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Shadow, paddle ring on an oblique float 194 

„ radial objects on a plane 151 

„ radiated shadows 139 

„ rectangular object on a plane at right angles to it . * . . 141 

„ „ „ sphere 197 

• „ ring (circular in section) on a plane parallel to it . . . 160 

„ „ „ „ tX right angles to it . . 203 

,, „ half (circular in section) „ „ . . 204 

„ „ (rectangular in section) on a plane parallel to it . . 160 

„ round shaft on a plane parallel to its axis .... 166 

„ screw thread 186 

„ semi-circular objects on a plane at right angles to them . . 153 

„ sphere on a plane 163 

„ square column on a plane at right angles to it . . . . 143 

„ „ in a recess being a plane at right angles to it . 146 

„ yy adjoining a recess being a plane at right angles to it 146 

y, „ columns oblique to a plane 146 — 149 

,, ,, flange on an oblique plane at right angles to it . .174 

„ „ „ on a vertical cylinder 172 

„ y, „ on a plane, parallel, and at right angles to it 157, 158 

„ „ recesses 145 

„ „ tapered column on a plane at right angles to it . . 143 

„ vertical disc on a horizontal cylinder parallel to it . . . 185 

Shadows on sections, remarks on 212 

Shafts of column^ proportion of . 241, 242 

Sheer draught, shijrs 244 

Sheet, cutting off a stretched 236 

Ship curve moulds (and cost of) 16 

Ship's body plan 247 

„ design, explanation of the drawing of a 244 

„ detail coloured drawings 250 

„ half-breadth plan 247 

„ ^ sheer draught 246 

„ sections, projection of shadows on 253 

Shipbuilders' scale .18 

Six sided nuts, to draw 55,113 

„ to measure 81 

„ radius for curves of 114 

„ shade lines on 138 

„ shading 212 

Sizes of drawing paper (and cost of) 22 

„^ in sketch-book, to mark 76 

Sizing drawings for varnishing 262 

&>ketch-book 76 

„ machinery details, to 77 

„ a circle, to 78 

Slip of screw propeller, to delineate 226 

Solid, deflnition of a . . . 34 

Solids, covering; of 64 

„ regular 43 

Sphere 45 

„ elongated 45 

„ intersection of a cylindrical object and a 120 

„ n hexagonal „ „ 121 

„ „ cone and a ...... . 121 

Spheres „ of rectangular objects and . . . .119, 120 

Spheroid 45 

Spiral , . . 42 



278 INDEX. 



PAGK 

Spiral sUircsM, to dnw a 125 

Sponge a shaded drawing, to 216 

„ an outline drawing, to 135 

„ a sheet for stretching on a board, to 24 

Sponges 16 

Spring dividers and bows (and cost of) ...... 13 

Spur-wheel, to draw in the teeth in face view of a . • . .97 

n 9* ft **<*® » . . . • , 96 

» w » P*«n » 96 

„ teeth, table of proportions of 97 

Square, definition of 37 

„ definition of the diagonal of a ^ 

„ on a given straight line, to describe a 50 

„ threaded screw, to draw a 122, 124 

„ to hold a T 32 

Squares, set (and cost of) 15 

„ „ for print (and cost of) 222 

„ T (and cost of) 6 

^ to test correctness of T Q 

Staircase, to draw a spiral 125 

Stencil-plates for print (and cost of) 225 

Stone tint 219 

Straight-edge, to test correctness of a 15 

„ edges (and cost of ) . 15 

„ line, to bisect a given 47 

Stretch paper on a board for drawing, to 24 

„ „ frame „ 30 

„ long drawing-paper, to 26 

„ tracing-paper, to 231 

Stretched drawing, to cut off a whole 236 

„ sheet, to cut off a part of a 237 

Summit of an angle 35 

Surface, definition of 34 

„ „ concave 35 

„ „ convex 35 

„ „ a curved 35 

Surfaces 35 

Table for drawing . . • 1 

„ of proportions of wheel teeth 97 

„ threads to the inch and diameters for screws . • . . ^25 

Talon 92 

Tangent 41 

„ to a circle, definition of 41 

„ circles 43 

Teeth of wheels, to draw the face view of 97 

„ w „ side „ 96,97 

Telescopic compasses (and cost of) 10 

Testing correctnebs of drawing-boards 6 

„ „ straight edges 15 

„ „ T-squares 9 

Tetrahedron 43 

Text print, German 224 

Thirty degrees set square, angle of 15, 113 

Thread, to draw a screw 122 

I'hreads to the inch and diameter for screws, table of . , . .125 
Tin cases for rolled drawings (cost of ) . , , . , , .237 
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Tint for brass • . , 
cast iron . 
copper . 
mtJleable iron 
shading, neutral 
water level sections 
wood 

stone . . . 
Torus, to describe the . 
Tracing .... 
cloth (and cost of) . 
copying from a 
to ink-in a 
to mount a 
to shade a 
paper (and cost of) 
to join . 
to maka 
to stretch • 
Transverse sections . • 
Trapezium .... 
Trapezoid .... 
„ isosceles . . 
„ right angled 
Trestles (and cost of) . 
Triangle, acute angled 

„ definition of the base of a 
equilateral 

to construct an equilateral 
inscribed 
isosceles 
obtuse angled 
right angled . 

definition of the base and perpendicular 
scalene 
Triangles . . . . 

„ denomination of . 
Triangular prism . 

„ pyramid . 

Truncated prism . 
T-squares, to test correctness of 
„ various (and cost cf ) 
Tumbler for shading, water (and cost of) 
Tuscan order, description of the . 
„ outline, illustration of 

„ shaded, illustration of 

Uia>BCAOON 

Varnish a DRAwmo, to 
Vertex of an angle ... 
Vertical line .... 

Volute, to describe a . . . 

Water lines, ship's . 

„ surface section, tint for . 
Weights (lead> for batons (and cost of) 
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219 

218 

219 

218 

206 

252 

219 

219 

86 

230 

23 

69 

230 

232 

231 

2S 

222 

23 

231 

81 

37 

37 

38 

37 

1 

36 

35 

36 

52 

41 

36 

36 

36 

36 

36 

35 

35 

43 

44 

44 
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241 

242 

216 

39 

262 
35 
34 

242 

247 

252 
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Weights (]«Ad) for general nee in drawing (and cost of) • . . Id 

Wheel pen (and coet of) . . . 13 

„ to draw a worm or ecrew 126 

Wheel^ to draw bevel 98 

„ in an obliqne position, to draw bevel ...... 103 

•■ mitre ....•.•... . 98 

„ to draw spar 96,97 

„ to measure 78 

„ table of proportions of teeth of 97 

Wood, graining end 134,220 

„ „ side 130,219 

„ tint 219 

Worm wheel, to draw a •••..•••. 126 



Yellow timt fob 9RA8S , . 219 

j» wood,dke 219 
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Natural Sines, Cosines, and Tangents, by H. Law, C.E. 2^. 6i2. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. \s. 
101*. WEIGHTS, MEASURES, AND MONEYS OF ALL 

NATIONS ; with the Principles which determine the Rate of 
Exchange, by W. S. B. Woolhonse. \s. 6rf. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B.A. \s. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. \s. 

104. DIFFERENTIAL CALCULUS, feamples, by J. Haddon. \s. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 

Mnemonical Lessons, by the Rct. T. P. Kirkman. \s. 6^. 
117. SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATION' OF THE NEEDLE, by T. Penwick, 
with Additions by T. Baker. 2«. 6<2. 

7, STATIONERS* HALL COURT, LUDGATE HILU 



CIVIL ENGINEERING WORKS. 



131. BBAD7-SE0E0NEB FOR MILLERS, FARMERS, AND 
MERCHANTS, showine tha Value of any Quanti^of Corn, 
with ihid Approziiiiato Vunae of Mill^stones & Mill Work. Is. 

IM. RUDIMENTARY ARTTHMETIO, bj J. Haddon, edited hy 
A. Annan. 1«. 6d. 

137. KEY TO THE ABOVE, by A. Arman. . 1«. Qd. 

147. STEPPINa STONE TO ARITHMETIC, by A. Arman. U. 

148. KEY TO THE ABOVE, by A. Arman. U. 

168. THE SLIDE RULE, AND HOW TO USE IT. With 
Slide Rule in a pocket of cover. 35. 

168. DRAWING AND MEASURING INSTRUMENTS. In- 
cluding — Instruments employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &o., by J. F. Heather, M.A. It. 6d, 

[JVbtp re<idy. 

1C9. OPTICAL INSTRUMENTS, more especiaUy Telescopes, 

Microscopes, and Apparatus for produomg copies of Maps 

and Plans by Photography, by J. F. Heathes, M.A. Is. Qd, 

[Now ready, 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including — Instruments Used for Determining the Geome- 
trical Features of a portion of Ground, and in Astronomical 
Observations, by J. F. Heather, M Jl. Is. 6d. [Noto ready. 
• 1^ ♦ The above three volumes form an enlargement of the Author's 
original work, " Mathematical Instruments,* the Tenth Edition 
of which {No. 32) is stiU on sale, price Is. 6d. 

178. PRACTICAL PLANE GEOMETRY : Giying tiie Simplest 

Modes of Constructing Figures contained in one Plane, by 
J. F. Heather, M.A. 2s. [Now ready. 

179. PROJECTION, Orthographic, Topographic, and Perspectiye: 

giving the yarious modes of Delineating Solid Forms by Con- 
structions on a Single Plane Surface, by J. F. Heather, M.A. 

*«* The above two volumes, with the Author's work already in 
the Series, " Descriptive Geometry,** wiU form a complete Ele- 
mentary Course of ifathematical Ihrawing. 



CIVIL ENGINEERINQ. 



13. CIVIL ENGINEERING, by H. Law and G. R. Bumell. Fifth 
Edition, with Additions, bs. 

29. DRAINAGE OF DISTRICTS AND LANDS, by G.D.Dempsey. 

\s. 6<f. 
With No. 80 {Seepage 2), Drainage and Sevoage of Towna^ 3a. 

PUBLISHED BY LOCKWOOD <fc CO., 



WORKS IN FINE ARTS, ETC. 



31. WELL-SINKING, BORINa, AND PUMP WORK, by J. G. 

Swindell, reyised by G. R. BurneU. U, 
43. TUBULAR AND IRON GIRDER BRIDGES, including the 
Britannia and Oonway Bridges, by G. D. Dempaey. U. M. 

46. ROAD-MAKING AND MAJQ7TENANCE OP MACADA- 

MISED ROADS, by Field-Marshal Sir J. F. Burgoyne. 1«. Qd 

47. LIGHTHOUSES, their Construction and Illumination, by Alan 

Steyenson. Sa, 
62. RAILWAY CONSTRUCTION, by Sir M. Stephenson. With 

Addition^ by E. Nugent, C.E. 28. 6d, 
62*. RAILWAY CAPITAL AND DIVIDENDS, with Statistics of 

Working, by E. D. Chattaway. 1«. 

No. 63 and 62* in 1 oo/., S«. 6d. 

80«. EMBANKING LANDS FROM THE SEA, by J. Wiggins. 2f . 
82«»*. GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. Sa. 
82»»*. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.B. 3*. 
118. CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stey enson. Sa, 

120. HYDRAULIC ENGINEERING, by G. R. Bumell. 3s, 

121. RIVERS AND TORRENTS, with the Method of Regulating 

their Course and Channels, Nayigable Canals, &o., from the 
Italian of Paul Frisi. 28. 6d. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. 2*. 

167. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2». 

169. EMIGRANT'S GUIDE TO NEW^ SOUTH WALES, 
WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird,BJL. 28.ed. 

160. EMIGRANT'S GUIDE TO TASMANU AND NEW ZEA- 
LAND, by James Baird, B.A. 2f. [2ieadt/, 



FINE ARTS. 



20. PERSPECTIVE, by George Pyne. 2*. 

27. PAINTING ; or, A GRAMMAR OF COLOURING, by G. 
Field. 28. 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Enamel Painting, &o. 1«. 

41. PAINTING ON GLASS, from the German of Fromberg. Is. 
69. MUSIC, Treatise on, by C. C. Spenoer. 28. 

71. THE ART OF PLAYING THE PIANOFORTE, by 0. C. 
Spencer, la. 

7, STATIONERS' HALL COURT, LUDOATE HILL. 



W0RK8 m MECHANICS, ETC. 



LEGAL TREATISES. 

60. LAW OF CONTEACTS FOB WOBES AND SBBYIOSS, 

hy DftTid GKbbons. U. 6d, 
107. THE COUNTY COURT GUIDE, by a Barrister. 1*. 6rf. 
106. METBOPOLIS LOCAL MANAGEMENT ACTS. U. 6rf. 
i06». METROPOLIS LOCAL MANAGEMENT AMENDMENT 

ACT, 1862; with Notea and Index. U. 
Aos. 108 and 108* in I voL, 2«. 9d. 

109. NUISANCES REMOVAL AND DISEASES PBBVBNTION 

AMENDMENT ACT. U. 

110. BECENT LEGISLATIVB ACTS applying to OontzBotorB, 

Mordianta, and Tradesmen. 1«. 

161. THE LAW OF FRIENDLY, PROVIDENT, BUILDING. 

AND LOAN SOCIETIES, by N. White. U. 
163. THE LAW OF PATENTS FOE INVENTIONS, by F. W. 

Campin, Barrister. 2t, 



MECHANICS ft MECHANICAL ENGINEERING. 

6. MECHANICS, by Charles Tomlinson. U, 6d. 
12. PNEUMATICS, by Charles Tomlinson. New Edition. U. Qd. 

33. CBANES AND MACHINERY FOR RAISING HBAVY 

BODIES, the Art of Constmcting, by J. Glynn, li. 

34. STEAM ENGINE, by Dr. Lardner. Is, 

59. STEAM BOILERS, their Construction %nd Management, by 
R. Armstrong. With Additions by R. Mallet. 1«. 6d. 

63* AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
IMPLEMENTS, by G. H. Andrews, C.E. Ss, 

67. CLOCKS, WATCHES, AND BELLS, by KB.Deniflon. Nov 
Edition, with Appendix. Ss, 6d. 

Appendix {to the Ath and 5th Editiont] separately^ Is. 

77». ECONOMY OF FUEL, by T. S. Prideanx. U. M, 

78. STEAM AND LOCOMOTION, by Sewell. ^Reprinting. 

78*. THE LOCOMOTIVB ENGINE, by G. D. Dempsey. U. 6rf. 

79*. ILLUSTRATIONS TO ABOVE. 4to. 4«. 6d. [B^itrwting. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by Robert Murray, C.E., Engineer Surreyor to the 
Board of Trade. With a Glossary of Technical Termi, and 
t heir e qui valen ts in French, German, and Spanish. 3«. 

82. WATER POWER, as applied to Mills, &c., by J. Glynn. 2f. 

97. STATICS AND DYNAMICS, by T.Baker. New Edition. \t.U. 

98. MECHANISM AND MACHINE TOOLS, by T. Baker; and 

TOOLS AND MACHINERY, by J. Nasmyth. 2». 6rf. 
113». MEMOIR ON SWORDS, byMarey, translated by Maxwell U 

PUBLISHED BY LOCKWOOD A CO., 



NAVIGATION AND NAUTICAL WOKKS. 7 

114. liACHINEB Y, Construction and Working, by O.D. Abel IsM. 

115. PLATES TO THE ABOVE. 4to. 7*. Qd. 

126. COMBUSTION OF COAL, AND THE PBEVENTION OF 

SMOKE, by C. Wye Williami, M.LC.E. 3*. 
139. STEAM ENGINE, Mathematical Theory of, by T.BaJLOr. 1«. 
162. THE BEASSFOUNDBR'S MANUAL, by W.Graham. 2t.6i. 

164. MODERN WORKSHOP PRACTICE. By J.G.Winton. Ss. 

165. IRON AND HEAT, Exhibiting the Principles concerned in 

the Construction of Iron Beams, Pillars, and Bridge Girders^ 
and the Action of Heat in the Smelting Furnace, by Jamiw 
Abmour, C.E. Woodcuts. 2s. 6d, [Now ready. 

166. POWER IN MOTION: Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, dec., 
by Jamks Armoub, C.E. With 73 Diagrams. 2$.^, [Now ready. 

167. A TREATISE ON THE CONSTRUCTION OF IRON 

BRIDGES, GIRDERS, ROOFS, AND OTHER STRUC- 
TURES, by F. Campin. Numerous Woodcuts. 2«. [Ready. 

171. THE WORKMAN »S MANUAL OF ENGINEERING 

DRAWING, br John Maxton, Instructor in Ensineering 
Drawing, RoTal School of Naval Architecture k Marine Engi- 
neering, South Kensington. Plates & Diagrams. Zs. 6d. [Heaay. 

172. MINING TOOL^, For the Use of Mine Managers, Agents, 

Mining Students, &c., by William Moboans, Lecturer on 
Mining, Bristol School of Mines. 12mo. 2s. Gd. [Now ready. 

172*.ATLAS OF PLATES to the above, containing 200 Illustra- 
tions. 4to. 4«. Gd. [Now ready. 

176. TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methoda 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauebmav, F.G.S., A.R.S.M. 
SecondEdition, revised and enlarged. Woodcuts. As.^d. [Ready. 
COAL AND COAL MINING, by W.W.Smyth. [In preparation. 



NAVIGATION AND SHIP-BUILDING. 

61. NAVAL ARCHITECTURE, by J. Peake. 3*. 

63*. SHIPS FOR OCEAN AND RIVER SERVICE, Construction 

of, by Captain H. A. Sommerfeldt. 1«. 
63^. ATLAS OF 16 PLATES TO THE ABOVE, Drawn for 

Practice. 4to. 7«. Gd. 
64. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 

by R. Kipping. 1«. Gd. 
64*. IRON SHIP-BUILDING, by J. Grantham. Fifth Edition, 

with Supplement. 4#. 
64«*. ATLAS OF 40 PLATES to illustrate the preceding. 4to. 38«. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



8 SCIBTrriFIC WORKS. 

6(^ NAYIQATION ; the SaUor's Sea Book: How to Keep the Log 
and Work it off, Law of Storms, &c., by J. Greenwood. 2t. 

83 bU. SHIPS AND BOATS, Form of, hj W. Bland, li. ed. 

99. NAUTICAL ASriBONOMT AND NAVIGATION, bj J. B. 
Yoanff. 2«. 

100». NAVIGATION TABLES, for Uie with the abore. U. Qd. 

106. SHIPS' ANCHORS for aU SERVICES, by G. CotselL U. 6<2. 

149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 2f. Qd. 

166. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES, by a Praotioal Engineer. Revised by 
D. F. McCarthy. Ss. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

eultiiral Chemistry. New Edition, with Index. 1«. 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. U. 

3. GEOLOGY, by Major-Gen. Portlock. New Edition. It. 6<i 

4. MINERALOGY, by A. Ramsay, J on. a*. 

7. ELECTRICITY, by Sir W. S. Harris. U, 6d. 

7». GALVANISM, ANIMAL AND VOI/TAIC ELECTRICITY, 

by Sir W. S. Harris. U, Qd. 
& MAGNETISM, by Sir W. S. Harris. New Edition, revised and 

enlarged by H. M. Noad, Ph.D., FJR.S. With 165 woodcuts. 

3a. Qd. [This day. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., F.SA. Sa. 
72. RECENT AND FOSSIL SHELLS (A Manual of the Mollnsoa), 

by S. P. Woodward. With Appendix by Ralph Tate, F.G.S. 

6tf . Qd. ; in clo th bo ards, 7«. 6^. Appendix separately, U, 
79»*. PHOTOGRAPHY, the Stereoscope, Ac., from the French 

of D. Van MonckhoTen, by W. H. Thomthwaite. U. 6d, 
96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 

Edition, with an Appendix on " Spectrum Analysis." 1«. 6d. 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2». 

134. BiBTALLURGY OF SILVER AND LEAD, by lambom. 2». 

135. ELECTRO -METALLURGY, by A. Watt. 2». 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 

and enlarged Edition, la. 6d. 
14a EXPERDOINTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by C. Tomlinson. la. 
161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 

PRACTICAIi TELEGRAPHY, by W. McGregor. 1*. ^. 

173. PHYSICAL GEOLOGY (partly based on Portlock's " Rudi- 

ments of Geology "), by Ralph Tate, A.L.S.,&c. 28. [Now ready. 

174. HISTORICAL GEOLOGY (partly based on Portlock's " Rudi- 

ments of Geology "), by Ralph Tate, A.L.S., &c. 2«. 6<f. 

[Now ready. 

PUBLISHED BY LOCKWOOD k CO., 



EDUCATIONAL WORKS. 9 

MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICINE, by Dr. Ralph Gooding. 2». 

112*. THE MANAGEMENT OF HEALTH, by James Baird. U. 

113. USB OP FIELD ARTILLERY ON SERVICE, by Taubert, 
translated by Lieut.-Col. H. H. MaxweU. la. Qd, 

150. LOGIC, PURE AND APPLIED, by S. H. EmmenB. U, 6rf. 

162. PRACTICAL HINTS FOR INVESTING MONEY, by 

Francis Playford, Sworn Broker. 1«. 

163. LOCKE ON THE CONDUCT OF THE HUMAN UNDER- 

STANDING, -Selections from, by S. H. Emmens. 2«. 



NEW SERIES OF EDUCA TIONAL WOBKS. 

1. ENGLAND, History of, by W. D. Hamilton. 5<. ; cloth boards, 
6«. (Also in 6 parts, price 1«. each.) 

6. GREECE, History of, by W. D. Hamilton and E. Lerien, M.A. 

2«. 6d. ; cloth boards, 3s. Qd, 

7. ROME, History of, by E. Levien. 2«. 6d, ; doth boards, 3». Bef. 
9. CHRONOLOGY OF HISTORY, ART, LITERATURE, 

and Progress, from the Creation of the World to the Con- 
clusion of the Franco-Gkrman War. The continuation by 
W. D. Hamilton, F.S.A. 3«. limp ; 3». Gd, boards. [Now ready, 

11. ENGLISH GRAMMAR, by fiyde Clarke, D.C.L. 1*. 

11». HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. U, 

12. ENGLISH DICTIONARY, containing aboye 100,000 words, 

by Hyde Clarke, D.C.L. Ba. 6d. ; cloth boards, 4«. Gd. 

, with GT-ammar. Cloth bds. 6«. 6rf. 

. 14. GREEK GRAMMAR, by H. C. Hamilton. Is. 

16. DICTIONARY, by Hamilton. Vol. 1. Gr.— Eng. 2». 

17. Vol. 2. English— Gh-eek. 2*. 

Complete in 1 Yol. 4s. ; cloth boards, 5*. 

, with Grammar. Cloth boards, 6«. 

19. LATIN GRAMMAR, by T. Goodwin, M.A. 1*. 

20. DICTIONARY, by T. Goodwin, MjL Vol. 1. Latin 

— English. 2s, 
22. Vol. 2. English— Latin. 1*. 6d. 

Complete in 1 toI. 3s. 6rf. ; doth boards, 4s. 6». 

, with Grammar. Cloth bds. 5s. 6A 

24. FRENCH GRAMMAR, by G. L. Strauss. U. 

26. FRENCH DICTIONARY, by Elwee. Vol 1. Fr.— Eng. Is, 

26. Vol.2. English— French. ls.6d. 

Complete in 1 toI. 2s. 6d. ; cloth boards, 3*. 6d. 

, with Grammar. Cloth bds. 4s. Qd, 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



10 EDUCATIONAL WORKS. 

27. ITALIAN GRAMMAR, by A. EHwei. U. 

28. r- TRIGLOT DICTIONARY, by A. Elw6s. VoL L 

Italian — English — French. 2t, 

90. Vol. 2. English^Frenob— Italian. 2*. 

32. ■ Vol. 3. French— Italian— English. 2». 

Complete in I toL Cloth boards, 7i. 64. 

, with Grammar. Cloth bds. 8f. 6dL 

34. SPANISH GRAMMAR, by A. Elwes. ]«. 
36. ENGLISH AJID ENGLISH— SPANISH DIC- 
TIONARY, by A. Elwes. 4».; cloth boards, 5«. 

■, with Granmiar. Cloth boards, 6f. 

39. GERMAN GRAMMAR, by G. L. Stranss. U, 

40. READER, from best Anthors. 1*. 

41. TRIGLOT DICTIONARY, by N.E.S. A. Hamilton. 

VoLl. English — German — ^French. 1*. 

42. Vol. 2. German — French — English. U. 

13. Vol. 3. French — German — ^English. U. 

Complete in 1 toL 3». ; doti^ boards, 4«. 

. -— — , with Grammar. Cloth boards, fit. 

14. HEBREW DICTIONARY, by Bresslan. VoL 1. Heb.— Eng. 6i. 

, with Grammar. 7#. 

46. Vol. 2. EngliA— Hebrew. 3». 

Conoplete, with Grammar, in 2 toIs. Cloth boards, 12i. 

46*. GfRAMMAR, by Dr. Bresslau. 1«. 

47. FRENCH AND ENGLISH PHRASE BOOK. 1*. 

48. COMPOSITION AND PUNCTUATION, by J. Brenan. U. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. l«.6rf. 

60. DATES AND EVENTS. A Tabular View of English History, 

with Tabular G^entphy, by Ede:ar H. Rand. [InP^gparatum. 

61. ART OF EXTEMPORE SPEAKING. Hints for the 

Pulpit, the Senate, and the Bar, by M. Bautain, Professor at 
the Sorbonne, &c. 28. (yd. [Now ready, 

62. MINING AND QUARRYING FOR SCHOOLS, First Book 

of, by J. H. Collins. 1«. 6<i. {Nearly ready. 

63. PLACES AND FACTS: A Compendium of Geography. 

[In the press, 

THB 

SCHOOL MAHAOEES* SEEIES OF EEADDTO BOOKS, 

Adapted to the Requxremente of the New Code of 1871. 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary 
Canon of Ely ; formerly H.M. Inspector of Schools. 

s, d. •• 4* _ »' d, 

Vtbst Stahdard 3 
Skcoitd „ 6 



Fifth Standard 1 
Sixth „ 12 



Tnnin Staitdard 8 
Fourth „ 10 

The follotving are in preparation : — 
Lessons from the Bible. Part 1. Old Testament. [Geography. 
Lessons from the Bible. Part 2. New Testament, and Scripture 

PUBLISHED BY LOCKWOOD k CO.. 



EDUCATIONAL AND CLASSICAL WORKS. 11 



LATIN AND GREEK CLASSICS, 

WITH BXPLANATORY NOTES IN ENGLISH. 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young U, 

2. CiE)SAB. De Bello Galileo ; Notes by H. Young . . 29. 

3. OOBNELIUS NEPOS; Notes by H. Young . . . U, 

4. VIRGIL. The Georgics, Bucolics, and Doubtful Poems; 

Notes by W. Eushton, M.A., and H. Young . Is. 6d. 

6. VIRGIL, ^neid ; Notes by H. Young . . . 2». 

6. HORACE. Odes, Epodes, and Carmen Seculare, by H. Young U. 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. U. 6d, 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A . l8,6d. 

9. TERENCE. Andria and Heautontimorumenos ; Notes by 

the Rey. J. Davies, M.A 1«. 6<2. 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rey. J. Dayies, M.A 2». 

11. TERENCE. Eunuchus, by Rev. J. Davies, M.A. . U.Qd, 

No8» 9, 10, and 11 in 1 vol, doth boards^ Qs. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

with Notes, &o., by J. Davies, M.A. (Now ready.) . , U. 

14. CICERO. De Amicitia, de Senectute, and Brutus ; Notes 

by the Rev. W. B. Smith, M.A. . . , . . .2*. 

16. LIVY. Books i., ii., by H. Young . . . . U»6d. 
16*. LIVY. Books iii., iv., v., by H. Young . . . 1«. 6d. 

17. LIVY. Books rii., xxii., by W. B. Smith, M.A. . U. Qd, 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . .28. 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2«. 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of Queen's CoUege, Oiford l8.6d. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



12 EDUCATIONAL AND CLASSICAL WORKS. 

GREEK SERIES. 

WITH SXPLANATOET K0TB8 IN ENGLISH. 



1. A NEW GREEK DELECTUS, by H. Toung • . U. 

2. XENOPHON. Anabasis, i. u. iii., bj H. Toung . . It, 

3. XENOPHON. Anabasis, It. t. yi. yii., by H. Young . U, 

4. LUCIAN. Select Dialogues, by H. Toung . . . U, 
6. HOMER. Hiad, i. to yi., by T. H. L. Leary, D.CX. I*. Qd. 

6. HOMER. Diad, Tii. to xii., by T. H. L. Leaiy, D.C.L. 1*. W. 

7. HOMER. Diad, xiii. to xviii., by T.H. L. Leary, D.OX. U. Qd. 

8. HOMER. Diad, six. to xxir., by T. H. L. Leary, D.C.L. U. Qd. 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. U. W. 

10. HOMER. Odyssey, yii. to xii., by T. H. L. Leary, D.C.L. U. W. 

11. HOMER. Odyssey,xiii.toxviii.,byT.H.L.Leary,D.C.L.l<.6rf. 

12. HOMER. Odyssey, xix. to zxiy. ; and Hymns, by T. H. L. 

Leary, D.C.L 2f. 

13. PLATO. Apologia, Crito, and Phodo, by J. Dayies, MX 2s. 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, dTcL. Is. Qd. 
16. HERODOTUS, Books iii. iy., by T. H. L. Leary, D.CX. Is. Qd. 

16. HERODOTUS, Books y. yi. yii., by T. H. L. Leary, D.CX. Is. 6rf. 

17. HERODOTUS, Books yiii. ix., and Index, by T. H. L. 

Leary, D.C.L. . ls.6d. 

18. SOPHOCLES. CEdipus Tyrannus, by H. Young . . U, 
20. SOPHOCLES. Antigone, by J. Milner, B.A. . . .2s. 
23. EURIPIDES. Hecuba and Medea, by W.B.Smitb,M.A. U6<;. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . . U. 
30. -aSCHYLtJS. Prometheus Vinctus, by J. Davies, M.A. . U. 

'32. .SISCHYLUS. Septem contra Thebas, by J. Dayies, MA. U. 

40. ARISTOPHANES. Achamenses, by C. S. D. Townshend, 

M.A U. 6rf. 

41. THUCYDIDES. Peloponnesian War. Book i.,l)y H. Young 1*. 

42. XENOPHON. Panegyric on Agesilaus, by LI. F. W. Jewitt U.6rf. 
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ENGINEERING, SURVEYING, &C. 

1 

Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text 
Imp. 4to, half bound in morocco. [/» the press, 

*<>* In accumulating in formation for this volume^ the Author has 
been very liberally assisted by several professional friends, who have 
made this department of engineering their special study, Jfe has thus 
been in a position to prepare a work which, within the limits of a 
single volume, will supply the reader with the most complete and 
reliable information upon all subjects, theoretical and practiced,' con^ 
nected with water supply. Through the kindness of Messrs, Ander^ 
son, Bateman, Hawksley, Homersham, Bcddwin Latham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, eon^ 
structed and in course of construction, from the designs of these gentle^ 
men, will be fully illustrated and described. 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE TEXT :— 

Historical Sketch of the means that have heen proposed and adopted for the Supply 
af Water. — ^Water and the Foreign Matter usually associated with it. — Rainfall and 
Evaporation. — Springs and Subterranean Lakes. — Hydraulics.— The Selection of 
Sites for Water Works. — ^Wells. — Reservoirs. — Filtration and Filter Beds. — Resenrotr 
and Filter Bed Appendages.— Pumps and Appendages. — Pumping Machinery.— 
Culverts and Conduits, Aqueducts, Syphons, &c. — Distribution of Water.— Water 
Meters and general House Fittings.— Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c., together 
with a Description of the numerous Works illustrated, vix :— Aberdeen, Bideford, 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
Sunderland, and several others ; with coines of the Contract, Drawings and Specifi- 
cation in each case. 
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Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1S63. Comprising Civil, Mechanical, Marine, Hydmulic, 
Railway, Bridge, and other Engineering Works, &c. By William 
H UMBER, Assoc. Inst C.E., &c. Imp. 4to, with 36 Double 
Plates, dniwn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c Price 3/. 3J. half morocco. 

Ust of the Plates. 

NAMB AND DBSCIOPTION. PLATES. NAME OF BNGINBEK. 

Victoria Station and Roof—L. B.& S. C. RalL x to 8 Mr. R. Jacomb Hood, C.E. 

Soutfaport Pier o and 10 Mr. James Brunlees, C.E. 

Victoria Sution and Roof— L. C. &D. & G. W. 

Railways zztox5A Mr. John Fowler, CE. 

Roof of CremomeMnnc Hall x6 Mr. vt^Uiam Humber, C.E. 

Bridpe over G. N. Railway 17 Mr. Joseph Cubitt, CE. 

Roof of StatioD-^Dutdi Rnenish Railway .. zSandzg Mr. Euschedi, €.£. 
Bridge over the Thames— West London Ex- 

tension Railway ao to 24 Mr. William Baker, CE. 

Armour Plates 35 Mr. James Chalmers, C£. 

Suspension Bridge, Thames 36 to ag Mr. Feter W. Barlow, C.E. 

TheAllenEn^e 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, CE. 

andW.H. Barlow, CE. 

Underground Railway , 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and pnrinted. It wiH find favour with many -«^o desire 
to preserve in a permanent form copies of the plans and specifications {»-epared for the 
guidance of the contractors for many important engineermg works." — Engineer. 



Humberts Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c Prices/. V' half morocco. 

List 0/ the Plates. 

NAME AND DESCRIPTION. PLATES. NAMB OF ENGINBBK. 

Birkenhead Docks. Low Water Basin ^.... x to 15 Mr. G. F. L3r5ter, C.E. 

ChariniF Cross Station Roof— C. C. Railway. z6 to x8 Mr. Hawkshaw, C.E. 

Digswell Viaduct— Great Northern Railway. 19 Mr. J. Culntt, CE. 

Robbery Wood Viaduct— Great N. Railway. so Mr. J. Cubitt, CE. 

Iron Permanent Way 20a — — 

Clydach Viaduct — Merthyr, Tredegar, and • 

Abereavenny Railway 21 Mr. Gardner, CE. 

Ebbw viaduct ditto ditto ditto 23 Mr. Gardner, C.E. 

Colle^ Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

Dnblm Winter Palace Roof 24 to 26 Messrs. Ordish&L«Feiivre. 

Bridge over the Thames— L. C & D. Railw. 27 to 32 Mr. J. Cubitt, C.E. 

Albert Harbour, Greenock 33 to 36 Messrs. Bdl & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



•( 



A resumi of all fhe more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full workbig 
detsuls, will be found a valuable accessory to the profession at large.** — Engineer, 

" Mr. Hiimber has done the profession good and true service, by die fine ooUectkn 
''f examples he has here brought before the profession and the public."— vPmc^tbi/ 
^ani^s Journal. 
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Humberts Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Phites, drawn to a large 
scale, and Photographic Portrait of J. R. M 'Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3^^. half 



morocco. 



List ofPiaiis and Diagrams. 



Bridge oyer River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Sidb. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

|;ent's Canal. 
Middle Level Sewer. Junction with Fleet 

Ditch. 
Outfall Sewer. Bridge over River Lea. 

Elevation. 
Outfall Sswer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridge over Marsh Lane, 

North Wo<^wich Railway, and Bow and 

Barking Railway J[unction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East I>ondon 

Waterworks' Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfall Sewer. Reservoir. Section. 
Outfall Sewer. Tiunbling Bay and Outlet 
Outfall Sewer. Penstocks. 

South Side. 

Outfall Sewer. Bermondsey. Branch. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Reservoir and Outlet 
Plan. 



MAIN DRAINAGE, METROPOLIS, 
continued-' 



Reservoir and Outlet 
Reservoir and Outlet. 
Reservoir and Outlet. 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Filth Hoist. 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation 

Steam-boat Pier, Westminster. Details. 

Lknding Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

OverflowandOutletat Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Wattrioo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Jtmction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



"With copious Descriptive Letterpress, Specifications, &c 



Opinions of the Press. 

" Mr. number's work s es pecially his annual * Record,' with which so many of our 
readers are now familiar — fill a void occupied by no other branch of literature. . . . 
The drawings have a constantly increasing value, and whoever desires to possess dear 
representations of the two great works carried out by our Metropolitan Board will 
oMain Mr. number's last ■ywime.**'^£ngineering'. 

** No engineer^ architect, or contractor should fail to preserve these records of works 
vrhich, for magnitude, have not Uieir parallel in the present day, no student in the 
profession but should carefully study the details of these great works, which he may be 
one day called upon to imitate."— iu>cAa»«c:f' Mag;azine. 

" A woric highly creditable to the industry of its author The vohnne is quite 

an encydopaeaia for the study of the student who desires to master the subject cf 
smmidpal drainage on its tode of greatest development "—/'nif /am/ Mtchani^s 
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Humberts Modem Engineering. Fotirth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil EugineexB. Price 5/. 3^. half-morocco. 

List of the Plates and Diagrams, 

NAMB AND DESCRIPTION. PLATES. NAME OP BMGINEES. 

Abbey Mills Pumpbg Station, Main Drainage, 

Metropolis 1104 Mr. Bazaleette, CE. 

BanowlXxJcs 5 to 9 Messrs. MX^lean & Stilliiiao, 

Manquis Viaduct, Santiago and Valparaiso [C.E. 

Raihrmy xo, n Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. xa, 13 Mr. H. Cross, C.E. 
Cannon Street Statioa Rocrf", Charing Cross 

Railway X4 to 16 Mr. J. Hawkshaw, CE. 

Road Bridjge over the River Moka X7. x8 Mr. H. Wakefield, CE. 

TelegraiiAiic Apparatus for Mesopotamia .... xg Mr. Siemens, C. EI. 

Viaduct over the River Wye, Midland Railw. 30 to aa Mr. W. H. Barlow, CE. 

St. Germans Viaduct. Corovrall Railway .... 33, 34 Mr. Brunei, CE. 

Wiought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, CE. 

MillwallDocks a6 to 31 Messrs. J. Fowler, C.E., and 

William Wilson, CE. 

Milroy's Patent Excavator 33 Mr. Milroy, CE 

Metrop(rfitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in* 

Onef, and Mr. T. M. 
Johnson, C.E. 
Harbours, Forts, and Breakwaters a to c 

The Letterpress comprises^-* 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press, 

" Mr. Humber*s ' Record of Modem Engineering ' is a work of peculiar valne, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amotmt of practical information in the form of full descriptions and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithograiriied, and the present volume of the ' Record ' is not a 
whit behind its predecessors." — Mechanic/ Mag^azine. 

*' We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr. Humber. The accuracy and general excellence of this woiic are wdl 
Known, while its usefulness in giving the measurements and details of some of the 
latest examples of en^eering, as carried out by the most eminent men in die profes- 
sion, cannot be too highly prized."— ^r/«»». 

*' The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering library." — Mmittg 

** No (me of Mr. Humberts volumes was bad ; all were worth their cost, from the 
mass of plates from well-executed drawings which they contained. In this respect, 
-^rhaps, this last volume is the most valuable that the author has produced. "—i'nK^ 
^ Mechanics* yourttai. 
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Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6j. 6d^. half- 
bound in morocco. \Recently published, 

*' A very valuable contribution to the standard literature of civil engineermc. In 
addition to elevations, plans, and sections, laree scale details are given, which very 
much enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable a fund of information. " — Civil Engineer and A rchiiecfs 
JoumeU. 

** The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction, lliese 
investigations are exceedingly complete, having evidently been very carefullv con- 
sideredand worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers."— ^#^Ma>i. 

' Mr. number's stately volumes lately issued — in which the most important bridges 
erected during the last five yean, under the direction of the late Mr. Brunei, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among oiur 
most eminent engineers, are drawn and specified in great detail." — Engineer, 

Weale^s Engineers Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 
" A vast amount of really valuable matter condensed into the small dimen* 

ftlons of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it wiH prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession." — Colliery Guardian, 

" Every branch of engineering is treated of, and facts, figures, and data of every 
kind abound." — Mechanics* Mag. 

" It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally.'*— JJf««<«^ youmal. 

Iron Bridges^ Girders^ Roofs ^ &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.E. 
With numerous Diagrams. i2mo., cloth boards, 3J., cloth limp, 2J. 

{Recently published., 
'* For numbers of young engineers the book is just the cheap, handy, first guide 
they 'w9Xit.*'—'Mi4dlesboroueh IVeekfy News. 

** Invaluable l6 those who have not been educated in mathematics."— Ctf/Z/V/IK 
Guardian. 
** Remarkably accurate and well written." — Artisan,^ 
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Barlow on the Strength of Materials^ enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
-with Rtdcs for application in Architecture, the Construction of 
Suspension Brid^^ Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Koyal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil £i^;ineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.K, to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., William 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A, F.R.S. And 
Formula for Calculating Girders, &c. The whole arranged and 
edited by William Humber^ Assoc Inst. C.E., and Mem. Inst. 
M.K, Author of *' A Complete and Practical Treatise on Cast and 
. Wrought-Iron Bridge Construction," &c &c. Demy Svo^ 400 pp.^ 
with 19 large Plates, and numerous woodcuts, price iSr. doth. 

" This edkioB has tnideigonecoaisidcnLfaleim|iroTeinent, and has been broqgfat dovB 
to the present date. It is one of the fiist books of re feren ce in existence;.*' — A wfixan, 

** Akhoach issued as the sixth edition, the volume under consideration is worthy of 
being regarded, for all practical purposes, as an entirely new work . . . the llook 
is undou Dtedly worthy of the highest commendation." — Mining yeumui. 

** An increased value has been given to this iwry valuaUe work bv the adcUtion of 
a large amount of informadon,^ which cannot prove otherwise than highlY usefttl to 
dioae who require to connilt it. ... . The arrangement and editmg of this 
of information has been undertaken fay Mr. Humber, who has most ably fulfilled 



a task requiring special care and ability to render it a success, which this edition most 
certainly is. He has given the finishing touch to the vohime by introducing into it 
an interesting memoir of Profess(w Barlow, which tribute of respect, we are sure, will 
be appredafced by the members of the engineerii^r prolession.'' — Meckmmes^ Mmgrnadne. 

"A book which no ei^pneer of any kind can aflfbrd to be without." — CciUery 
Guardian. 

'* The best book on the subject whidi has yet appeared. .... We know of 
no work that so completely fulfils its wieaaa, —English Mechanic. 

'* There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office, or a competent cferk of works, who will not recognise in the scientific 
irolume newly given to circulation, an old and valued fiiend." — Building Nrtus. 

** The standard treatise upon this particular sahjecL**— Engineer. 

Strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consistmg of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Apph'cation, &c. By William 
HUMBBR, Assoc. Inst C.E., &c. Fcap. 8vo, with nearly 100 
Woodcuts and 3 Plates, price is. dd. dothl 

**The arrangement of the matter in this little volume is as convenient as it well 

conld be The system of employing diagrams as a substitute for complex 

computations is one justly coming into great favour, and in that req)ect Mr. Humber's 
volume is fully up to the, times." — Enginttring. 



c< 



The fbrmube are neatly expressed, and die diamams good.*— i4 

We heartily commend this really htmdy bode to our engineer and azdutect 

' 'r%.^—Engl^ Mechanic^ 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst C.£. Second Edition, with 5 plates. Royal Svo, 5j. doth. 

CoiiTBNTS .—Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between suppmts ; B«uns uniformly Loaded ; CHrders with triangu- 
lar bracing Loaded at centre ; l>itto, Loaded at unequal distances between supports ; 
Ditto, imiformly Loaded; Calculation of the Strains on Girders with triangular 
Basings; Cantilevers; Continuous Girders; Lattice Girders; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any rM^lar figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron BeamSy Pillar s^ &c. 

IRON AND HEAT, Exhibiting the Principles concerned in the 
Construction of Iron Beams, Pilars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, I2mp, cloth boards, jj. 6d. ; doth limp, 2s. 6d, 

[Recefttly published. 
** A very useful and thoroughly practical little volume, in every way deserving of 
circulation amongst working men.** — Mining^ yournal, 

"No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without it." — South Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, C.E. With 73 Diagrams, iimo, cloth 
boards, 3J-. 6</.; cloth limp, 2s, dd, {Recently published, 

" Numerous illustrations enable the author to convey his meaning as explicitly as 
it is perhaps possible to be conveyed. The value of the theoretic and practical know- 
ledge imparted cannot well be over estimated." — Newcastle Weekly Chronicle. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Third 
Edition, revised and much enlarged. i2mo., cloth boards, 5 J. 6t/. ; 
cloth limp, 4r. 6^. \yust published. 

** Carefully written, it has the merit of brevity and conciseness, as to less important 
points, while all material matters are very fully and thoroughly entered into." — 
StandartL 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
•and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calodation. By Major-General Frome, R.E., Inspector- 
General of Fortifications, &c. Third Edition, revised and improved. 
With 10 Plates and 113 Woodcuts. Royal Svo, izs, cloth. 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for Boding the Dischaige of Water from OrifioK, Notches, Weiis, 
Pipes, and Rivers. By John Nkville, Civil Engineer, M.R.LA. 
Second Edition, with extensive Additions, New Foraralae, Tables, 
and General Information on Rain-fidl, Catdmient-Basins, Drainage, 
Sewerage, Water Snpply for Towns and Biill Power. With nume- 
rous Woodcnts, Svo, idr. doth. 

\*Tliis work contains a vast nmnber of different hydranlic 
formnbe, and the most extensive and accurate tables yet poblished 
for findii^ the mean velocity of disdiaige from triangular, qnadri- 
la^ial, and drcnlar orifices, pipes, and rivers ; with experimental 
lesolts and co-efficients; effects of firiction; of the velocity of 
approadi ; and of corves, bends, contractions, and expansions ; the 
best form of duuinel ; the drainage effects of long and short weiis, 
and weir-baans ; extent of back-water firom weirs ; contracted 
channeb; catchment-basins; hydrostatic and hydrauUc pressure; 
water-power, && &c 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, m the Construction of Roads ; with Mr. 
Telfokd's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Fifth Edition, very carefiilly i^evised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&f. &/. doth. \* Trautwine on Curves, separate, price 51. 

" One of the most important^ text-books for the eeneral surveyor, and there is 
scarcely a question connected with levelling few whid& a solution would be sought but 
that would be satisfactorily answered by consulting the volume"— ^min^ y<mmal. 

" The text-book on levelling in most of our engineering schools and coIl^;es."— 

*'The publishers have rendered a substantial service to the profesaon, especially to 
the younger membos, by bringing oat the present edition of Mr. Simnu's useful work." 

Tunnelling. 

PRACTICAL TUNNELLING ; explaining in DetaQ the Setting 
out of the Works ; Shaft Sinking and Headlmg Driving ; Ranging 
the Lines and Levelling Under-Groimd ; Sub-Excavating, Timber- 
ing, and tiie construction of the Brickwork of Tunnels ; with tiie 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S., 
M. InsL C.E., Author of "A Treatise on the Principles and 
Practice of Levelling," &c &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book," &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial Svo, i/. is. cloth. 



WORKS PUBLISHED BY LOCKWOOD & CO. 9 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, SmitlS, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst 
C.E., Author of ** Elementary Principles of Carpentry," *• History 
of the Steam-Engine," &c. Fifth Edition, mudi improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, I2s. cloth. 

%* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, doth. 

Tke High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenbexg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst C.E., &c &c. With 28 fine Plates, 
8vo, i6r. (id, cloth. 

" A work like this, which goes thoroughljr into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedinely useful, and deserves a place 
in every scientific library. **•— %$"/<:«»« Shipping ChnmicUt. 

Tables of Curves, 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, vra,istcoat-pocket size, price 3/. 6d. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — ^no small advantage aS regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for die 
pocket — an arrangement that will recommend them to all practical men." — Engineer. 

** Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest htiux>d,"—AtheneeHm. 



Laying Out Curves, 

i THE FIELD PRACTICE of LAYING OUT CIRCULAR 

I CURVES for RAILROADS. By John C. Trautwine, C.E., 

J of the United States (extracted from Simms*s Work on Levelling). 

\ 8vo, 5j. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, TiamwaTS, Docks, Harbonis, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c &c 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced list 
of Machinery, Plant, Tools, &c, required in the execation of Public 
Works. By W. Davis Haskoll, C.E. Plates and numerous 
Woodcuts. Published annually. Demy 8vo, doth, 6;. 

" As funiishu^ a variety of data on every conceivable want to civil engineets aad 
contractors, this oook has ever stood periiaps unrivalled." — ArchiUct. 

'* The care with which the particulars are arran|^d reflects credit upon the anthor, 
each subject being divided into tables under their own special heads, so that do 
difficulty arises in finding the exact thing one wants. The value of the woric to tbe 
student and the experienced contractor is inestimable." — Mechanic's Mtx^. 

"Mr. Haskoll has bestowed verv great care upon die preparation of his estimates 
and prices, and the work is one which appears to us to be in every way deserving of 
WD&AKnxx.'^—BuiUer's W^kly Reporter. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveyirqg^ Instruments. By W. Davis Haskoll, C. £., 
Author of "The Engineer's Fidd Book," "Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price \7j. 6d. doth, 
with 14 folding Plates, and numerous Woodcuts. 

*' * Land and Marine Surveying* is a most useful and well arranged book for the 

aud of a student We can strongly recomraend it as a carefully-writtes 

and valuable text-book." — Builder. , ' . . 

" He only who is master of his subject can present it in such a way as to make it 
intelligible to the meanest capacity. It is in tnis that Mr. Haskoll excels. He has 
knowledge and experience, and can so give expression to it as to make any matter oa 

which he writes, clear to the youngest pupil m a surveyor's office The 

work will be found a useful one to men of experience, for there are few such who viU 
not eet some good ideas from it ; but it is indispensable to the young pzactitioner.'''- 
CoMery GtMrdian. 

" A volume which cannot fail to prove of the utmost practical utility. . . . . I: 
is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll his 
placed nis long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young practitioners are at a disadvantage, through the 
neglect of their seniors to point out tne importanoe of minute detaUs, since they can 
readily supply the deficiency by Uie study of the volume now under consideratiMi.''— 
Mining journal. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrograpbic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volimie on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy %yo, 2 
vols, in one, cloth boards, i/. ix. (publbhed at 2/. 4J.) 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire-Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for, Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T. Young, C.E., 
Author of "The Economy of Steam Power on Common Roads," 
&C. With numerous Illustrations, Diagrams, &c., handsomely 
printed,' 544 pp., demy 8vo, price i/. 4f. cloth. 

" We can most heartily commend this book. .... It is really the only ijiglish 
-work we now have upon the subject.** — Engineering^. 

" We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades/' — Mechanic^ Magetsuu, 



Manual of Mining Tools. 



MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at tlie Bristol School of Mines. i2mo, y, 6d. With 
an Atlas of Plates, containing 235 Illustrations. 4to, dr. [Ready, 

"A. very substantial and much needed contribution to the Art literature of an im- 
portant branch of English industry." — Mechanics* Magazine. 

** Students in the Science of Mining, and not only they, but subordinate officials in 
mines, and even Overmen, Captains, Managers, and Viewers may gain practical 
knowledge and useful hints by the study of Mr. Morgans's Manusu." — Colliery 
Guardian. 

"A very valuable work, which will tend materially to improve our mining litera- 
ture." — Mining Journal. 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. ^J. S. Graham, 
C.E,, Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s. 6d. cloth. 

*' As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation'of earth- 
work will find a great' amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices.*' — Artizan. 

Useful Inventions. 

BAILEY'S ILLUSTRATED USEFUL INVENTIONS, con- 
taining 800 Wood Engravings of Engineers' Sundries, Steam 
Fittings, Tools, Small Machines, Church Clocks, Lightning Con- 
ductors, Electric Telegraph 'Instruments, &c., &c., with prices 
attached, valuable to all v^rho are interested in manufactures. By 
J. Bailey & Co., Inventors, Patentees, Manufacturers, Brass- 
founders, Electric Telegraph Engineers, Turret Clock Makers, &c., 
Albion Works, Salford, Manchester. 15th Edition, 4to, 140 pp. 
price 2j., post free. \Just Published. 
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Field-Book for Engineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Enmneer. Second Edition, much enlaiged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveymg and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Castmg out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
i2mo, price lis, doth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of sudi a woii: 
and ue amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume."— ^oi/- 
way News. 

" The hook is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the aaaae."~—Ai/iem9um. 

** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.— Aftnuv^ 

** We know of no better field-book of reference or collection of tables than that 
Mr. HaskoU has given." — Artizan, \ 

" A series of tables likely to be very useful to many civil cagaitKK."--'Building Nrtoi^ 

** A very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlarged.*' — Mechanic? Magazine. 

"We strongly recommend this second edition of Mr. Haskoll's ' Field Book' to all 
classes of surveyors."— C^Z/ilr^ Guardian, 

Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
cuted in the Construction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By G. Drysdale Dempsey, CE. 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of George Stephenson. 
One large vol. 4to, 2/. 12s, 6d. cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.I.C.E. Reprinted and en- 
larged from the Article "Harbours," in the Eighth Edition of "The 
Encyclopaedia Britannica." With 10 Plates and numerous Cuts. 
8vo, lar. 6d. cloth. 
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Bridge Construction in Masonry y Timber^ and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/« izs, 6d, 
half-morocco. 

'* One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-ds^ practice of me railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hundreds. The tables of estimates appen<|pd to this edition will considerably enhance 
its value." — EngtHeering. 

** A very valuable volume." — Builder. 

** An excellent selection of examples, very carefully drawn to useful scales of pro- 
portion. " — A riisan. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of "Practical TunnelHng," &c. &c. Third 
Edition, with a Description of the Theodolite, together with Instruc* 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With numerous Cuts. i2mo, price 3^. dd, cloth. 

Mathematical Instruments y their Construction^ &c. 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. By J. F. Heather, M.A., Author of ♦* Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
* the most part entirely rewritten. With numerous Wood-cuts. 
i2mo, cloth boards, price 5j. [I^ow reaify. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &r. doth. 



* 



* 



* The small remaining stock of this work^ which has been un^ 
obtainable for some time^ has just been purchased by LoCKWOOD & Co. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 laige folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E, Imperial 8vo, izr. doth. 

"The standard text-book for all engineers regardmg skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

•* A very complete treatise on the subject, re-edited by Mr. Barlow, who has added 
to it a method of making the requisite calculations without the use of trigonometrical 
formulae."— i9MiU!rr. 
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WeaUs Series of Rudimentary Works. 

Sh0M highly popalar sad oheap Series of Books, now oomprlring 
nearly *Ebree Hundred disttnot Works in almost every deimrtxnent of 
Bolenee, Art, and Bdnoation, are reoommended to tbe notice of Xn- 
^een, Arebtteots, Builders, Artlsaas, and Students generally, as well 
as to those interested In Workmen's Idtoaries, Free Idliraries, Idterary 
and Bolentifle Institntloiui, Oollefsa, Bohools, Soienoe Glasses, Ac., te. 

Idsts of the soTeral Series may be had on appUoation to IiOOKWOOD 
lb 00. 

The follmmng is aSeUciwn cf the W&rks {fn CivU Engineerings &v.— 

STEAM ENGINE. By Db. Lakdnbi. xx. 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dbmpsby. is. 6d. 

STEAM BOILERS, their Construction and Management. By R. Armstrong. 
With Additions, is. 6d. 

RAILWAY CONSTRUCTION. By Sir M. Stbphbnson. New EdiHoH, af. 6tL 

STEAM ENGINE, Mathematical Theory of. By T. Bakbr. is. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F. McCarthy. 3x. 

LIGHTHOUSES, their Construction and Illumination. By Alan Stevenson, y. 

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 
Constructing. By J. Glynn, ix. 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. NewEdUtan^ sx. 
DRAINING DISTRICTS AND LAND& By G. D. Dempsby. xx.&/. ^ The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By i-2vols.ini. 
G. D. DBMPSEy. 2x. J 3*- 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnbll. xx. 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne. zx. 6</. 

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.E. ^x. 

ECONOMY OF FUEL. By T. S. Prideaux. ix. ed. 

EMBANKING LANDS FROM THE SEA. By J. Wiggins, ax. 

WATER POWER, as applied to Mills, &c. By J. Glynn. 2x. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, C.E. gx. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, C.£. 3x. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
• OF THE NEEDLE. By T. Fenwick, with Additions by T. Bakbr. as: &i 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stbtbnsoh. 31; 

HYDRAULIC ENGINEERING. By G. R. Burnell. 3X. 

RIVERS AND TORRENTS, with the Method of Regulating their Couxse and 
Channels, Navigable Canals, &c., from the Italian of Paul Frisi. ax. 6rfl 

COMBUSTION OF COAL AND. THE PREVENTION OF SMOKE. By 
C. Wye Williams, M.I.CE. gx. 

WATER POWER, as applied to Mills, &c , By J. Glynn, ax. 

MARINE ENGINES and STEAM VESSELS and thb SCREW. By Robert 
Murray, C.E. Fifth Edition. 3X. 
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ARCHITECTURE, &C. 

4 

Consi(rticizon, 

THE SCIENCE of BUILDING : an Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 

price &f. 6</. cloth. \ Recently puhlish^^ 

" A very valuable book, wluch we strongly recommend to all ^x.vAesit&r-'BuiltUr. 

"While Mr. Tarn*s pliable little volume is quite sufficiendy scientific to answer 

the purposes intended, it is written in a style ^at will deservedly make it popular. 

The diagrams are numerous and exceedingly well executed, and the treatise does 

credit alike to the author and the publisher. '^^M^M^er. 

"No architectural student should be without this hand-book of constructional 
knowledge.'' — Architect. 

"The book is very far from being a mere compilation ; it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality." 
— Engineering^. 

Beaton's Pocket Estimator, 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners* work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' 33 Woodcuts. Leather, waistcoat-pocket size. 2/. 

Beaton s Builders' and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. By A. C. Beaton, Author of * Quantities and Measure- 
ments.* With 19 Woodcuts. Leather. Waistcoat pocket size. 2s. 

\Now ready. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. WiCKES, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England,'* &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2/. loj. half 
morocco. * Either Series separate, price, i/. *is. each, half morocco. 
** The whole of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuaUe and suggestive to architects, students, and 

amateurs.** — Building News. 

The Architect's Guide. 

THE ARCHITECT'S GUIDE ; or. Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c. By W. Davis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price 3J. dd. 
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Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Nnmerous Plates. i2xno, cloth limp, price 5x. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight 
WICK, Architect, Author of " The Palace of Architecture," &c. &c 
Second Edition. With nfimerous Woodcuts. 8yo, 7^*., extra doth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a " Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7j. 6^., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c. 
t 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. With upwards of 300 Plates and 
Diagrams. i2mo, cloth, strongly bound, 4/. (kL, \N<nv ready. 

** Even accomplished drai^htsmen will find in it much that will be of use to thos. 
A copy of it should be kept for reference in every drawing office." — Engineering. 

"An indispensable bode for teachers of engineering drawing." — Mechanics 
Magazine, 

Cottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price i/. u., cloth, 

Weal£s Builder's and Contractor's Price Book 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(LoCKWOOD & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c. i2mo, 41., cloth. 

'* A multitudinous variety of useful information. With its aid the prices for aU 
work connected with the building trade may be estimated." — Building News. 

** Carefully revised, admirably arranged, and clearly printed. ... A reliable book 
of reference." — Engineer, 

" Valuable to the builder or contractor."— J/rf^Aaww* Magazine, 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c, &c, and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioopp. of 
text, and 33 Lithographic Plates, cloth, 2/. 2J. (Published at 4/.) 

** In these two volumes of x,zoo pages (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the works,' and occupies more than loo printed pages. 

" Amongst the other known buildings, the specincations of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, Holloway (Bunnine) ; the High School, Edinburgh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St. George's Church, Doncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware-' 
house in Fetter Lane, a verv successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the Higih Level Bridge, New- 
castle (K. Stephenson) ; various works on the Great Northern Railway (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (MM. Armand, 
Hittorflf, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

*' We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a book of precedents. 

'* About Z40 pages of the second volume are appropriated to an exposition of the 
law in relation to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather fur those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words what our 
readers will have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects."-~i?M{i&^. 



Mechanical Engineering. 



A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, "Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms, By Francis 
C AMPIN, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy 8vo, cloth, 
price I2J'. 
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Grantlianis Iran Ship-Buildings enlarged, 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, i2mo, doth limp, also considerably enlarged, 
By John G&antiiam, M. Inst C.E., && Price 2/. 2J. complete. 



Description 0/ Plates. 



I. 



9. 



5- 
6. 



8. 



zo. 



ji. 

13. 



>3. 



X4. 
15. 



150. 



HoUow aiid Bar Keds, Stem and 
Stern Posts. [Pieces. 

Side Frames, Floorini^, and Bilge 

Flooringsrfw/Mi/tff^— Keelsons, Deck 
Beams, Gunwales, and Strineers. 

Gunwales coniinufd — Liower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle*Iron. T Iron, Z Iron, Bolb 
Iron, as KoUed for BuUdmg. 

Rivets, shown in section, natural size ; 
Flush and Lapped Joints, with 
Single and Double Riveting. 

Rating, three plans ; Bulkheads and 
Modes of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

SlidingKeel, Water Ballast.Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large l^esset, showing Details — Fere 
End in Section, and End View, 
with Stem Post, Crutches, &c. 

Large P^«ff</,showing Details — ^fi^^ 
Etid in Section, with End View, 
Stem Frame for Screw, and Rudder. 

Large ^^rff^/, showing De tails— it/iic/- 
shtj^ SectionAaM breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



x6l 



15^. Double Lever Punching and Shearii^ 
Machine, ananged for cutting 
Anele and T Iron, with Dividiog 
Taue and Engine. 
Machines. — Garforth's Riveting Ma- 
chine, Drilling and Counter-Smking 
Machine. 
160. Plate Planing Machine. 
17. Air Furnace for Headm^ Plates and 
Angle-Iron : Various Tools used in 
Riveting and Plating. 
Gunwale ; Keel and Flooring ; Flan 
for Sheathing with Copper, 
z 8a. Grantham's Improved Plan of Sheath- 
ing Iron Ships with Copper. 
Illustrations of the Magnetic Condi- 
tion of various Iron Ships. 
Gray's Floating Compass and Bin- 
nacle, with Adjusting Magnets, &c. 
Corroded Iron Bolt in Frame of 
Wooden Ship ; Jointing Plates. 
Great Eastern — Longitudinal Sec- 
tions and Half-breadth Plans— Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 
Paddle Steam Vessel of Steel. 
27. Scarbrough — Paddle Vessel of Steel. 
28-9. Proposed Passenger Steamer. 
Persian — Iron Screw Steamer. 
Midship Section of H.M. Steam 

Frieate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stem, and Rudder of H.M. 

Steam Frigate, Bellervphon. 
Midship Section of H.M. Troop Ship, 

Serapis. 
Iron Floating Dock. 



18. 



i9» 



ao. 



2Z. 



28-4. 



25-6. 



30 
31. 

32. 

33. 

34. 



35 



"An enlarged edition of an elaborately illustrated work." — Builder. 

" This edition of Mr. Grantham's work has been enlarged and improved, both with 
respect to the text and the engravings bem^ brought down to the present period. . . . 
The practical operations required in producmg a shipare described and illustrated with 
care and precision." — Mechanics* Magazine. 

** A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 
. . . . As good a volume for the instruction of the pupil or student of iron naval 
ardiitecture as can be found in any language." — Practical Mechanics* Jtmmal. 



** A very elaborate work. . . . It forms a most valuable addition to the history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all interested in shipbuilding." — Army 
Mtuf Kavy Gazette. 
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CARPENTRY, TIMBER, &c. 

4 

Tredgold^s Carpentry^ new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (ii of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. In 
I vol., 4to, published at 2/. 2J., reduced to i/. 5^., cloth. 

** * Trcdgold's Carpentry* ought to be in every architect's and ev e ry builder's 
library, and those who do not already possess it ought to avail themselves of the new 
issue. — Builder. 

" A worlcf whose monxunental excellence must commend it wherever skilful car- 
l>entry is concerned. The Author's principles are rather confirmed than impaired by 
time, and, as now presented, combine the surest base with the most interesting display 
of progressive science. The additional plates are of great intrinsic value." — Building 
News. 

"'Tredgold's Carpentry' has ever held a high position, and the issue of the fifth 
edition, in a still more improved and enlarp^ed form, will ^ve satisfaction to a very 
laree number of artisans who desire to raise themselves in their business, and who 
seek to do so by displaying a greater amount of knowledge and intelligence than their 
fellow-workmen. It is as complete a work as need be desired. To the superior 
workman the volume will prove invaluable ; it contains treatises written in language 
which he will readily comprehend." — Mining youmal, 

Grandys Timber Tables, 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By RichArd E. 
Grandy. Comprising ; — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Duty, &c., 
&c. ; tc^ether with Copious Information for the Retailer and 
Builder. j2mo, price 7j. (xL cloth. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and throws in, as a makeweight, a nost of material concerning bricks, columns, 
cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic. 

*' The only difficulty we have is as to what is not in its pages. What we have tested 
of the content5,taken at random, is invariably correct." — Illustrated Buildei^s Journal^ 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 

Feet in Boxes or Packing- Cases, from six inches square and 

• upwards. Compiled by William Richardson, Accountant 

Oblong 4to, cloth, price 3^. 6^. 

"Will save much labour and calculation to packing-case makers and those who use 
packing-cases."— (7rvxrr. ** Invaluable labour-saving tables." — Ironmonger. 
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Nicholsons Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementaiy Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Petbr Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S. A., together with Practical Roles on 
Dnwing, by George Pyne. With 74 Plates, 4to, i/. i^. cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the rdative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to S(]uare Timber by the Load of 50 Feet ; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant Second Edition. Crown 8vo, 5;. cloth. 

*' Everything is as concise and dear as it can possibly be made. There can be no 
doubt that every timbtf merchant and builder oug^t to possess it,because such possession 
would, with use, unquestionably save a very great deal of time, and, moreover, ensiu% 
pofect accuracy in odculations. There is also another class besides these who ought 
to possess it : we mean all persons engaged in carrying wood, where it is requisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of domg this. 
Indeed every person who has to do with wood ought to have it" — Hull Advertiser^ 



MECHANICS, &c. 



Mechanics Workshop Companion, 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Tenth Edition, wi& Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5j. bound. \^Recently published, 

" As a text-book of reference, In which mechanical and commercial demands are 
judiciously met, Tbmplbton's Companion stands unrivalled. ''•-~i)frc^MtlM'il/a^«s««^. 

" Admirably adapted to the wants of a very lar^ class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
mfn whft. in a great measure, owe their rise in life to this little work. " — Buikiing News. 
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Engineer's Assistant 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 4th Edition. i8mo, 2j.6</. cloth. 

** So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our ttaAtn,"-—Mechanics' Magazine. 

" Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
— Building Hews, 

Designings Measuring^ and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect, New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
I or. 6d, cloth. \Recently published. 

" This useful book should be in every architect's and builder's office. Tt contains 
a Tast amount of information absolutely necessary to be known." — The Irish Builder. 

" The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."— 
Mining Journal. 

** We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hangmg, that is not fully treated upon in this valuable 
work." — The Artizan. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade. From the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial stirveyors, 
or in those of London practitioners." — Colliery Guardian, 

" Altogether the book is one which well fulfils the promise of its title-pa^e, and we 
can thoroughly recommend it to the class for whose \xsc it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c By James Haw- 
kings. Fcp. 3^. ^d, cloth. 
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MATHEMATICS, &c. 

Gregory s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 

{)lacc Book of Pure and Mixed Mathematics. Designed chiefly 
or the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed MATHEMATiCS~-comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of ** A Course of 
Mathematics,*' &c. With 13 Plates. Medium 8vo, i/. ix. doth. 

" At a stindazd wotk. on madMniatics it has Dot been excelled. "—^r/KMEW. 

" The enipBeer or architect will here find reader to his hand, rules for solving nearly 
cre ry mathematical difficulty diat may arise in ms practice. As a moderate acquaint- 
ance with arithmedc, algebra, and dementary geometry is absolutely necessary to the 
oroper understanding of the most useful portions of this book, die author very wuely 
fiaa devoted the fint three chraters to those subgects, so that the most iCTorant may be 
enabled to master the whole ot the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builaer. 

** One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem^ almost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets die larger requirements of moaem 

times In the edidon just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 

Paragraphs here and there, and corrected the numerous typographical errors which 
ave escaped the eyes of the former Editor. Ilie book is now as complete as it is 

possiUe to make it We have carried our nodce of this book to a greater 

length than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing diem so clear, that we may be excused for 
overstepping our limit. It is an instrucdve book for the student, and^ a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
T^esh his memory upon Xikem.**—BMildiMff News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C. E. 8vo, lOJ. 6d, strongly bound. 

"Mr. Bowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into die other." — Atnenaeum. 

*• Their accuracy haS been certified by Professor Airy, the Astronomer RoyaL."*— 
Builder. 

•* Resolution S.^That advantage will be derived from the recent pablication of 
Metric Tables, by C. H. TiovrMxig, C.^:''~Re^ort qf Section F British AssociatieH, 
Bath. 
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InwoocTs TabUsy greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compoimd 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FisDOR Thoman, of the Societe 
Credit Mobilier of Paris. i2mo, &r. cloth. 

\* This edition (the 18M) differs in many important particulars 
from, former ones. The changes consist, first, in a more convenient 
and systematic arrangement rf the original Tables, and in the removal 
0/ certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the work by the itUroduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing 
has been abstracted from the original collection: so that those who have 
been long in the habit of consulting In WOOD for any special prof es- 
sional purpose will, as heretofore, find the information sought still in 
its pages. 

" Those interested in the purchase and sale of estates, and In the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent service."— ^n^'iMrrKn^. 

Geometry for the Architect y Engineer y &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. I2x. 6d. \Now ready. 

*' No book with the same objects in view has ever been published in which the 
clearness of the rules laid down and the illustrative diagrams have been so satis> 
factory. " — Scotsman. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By Fedor Thoman, of the Societe Credit Mobilier, 
Paris. i2mo, cloth, ^s. . 

" A very powerful work, and the Author has a very remarkaUe command of his 
subject." — Professor A, tie Morgan. 

" We recommend it to the notice of actuaries and accountants." — Atkenaum. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from CotttribatioDS of Officers and others comiected with the dif- 
ferent Services. Oiighially edited by a Committee of the Coips of 
Rojal Engineers. Second Edition, most caiefidly revised hy an 
Officer of the Coq>s, with many additions ; containing nearly 350 
Engravings and many hundred w oodcnts. 3 vols, royal 8vo, extra 
doth boards, and lettered, price 4/. lor. 

*' A c o o ip c ii d i ous aMTdopaedia of military knoidedgp, to wlxich «re are greatly vor 
debted**— ^^^M^acyjA Xeview. 

" The nuMt c omp i rh msnre work of refeicace to tibe military and oollataal sdenccs. 
Among the list of contributoriy some seventy-seven in nnmber, will be found names of 
the highest distmction in the serrices. . . . The work daims and possesses the great 
merit that by fact the larger portion of its salnects have been treated oi^;inally by the 
practical men who have been its caoltrbQiaars^'^yciHMUer Service duette. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification ia the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, doth, with separate Atlas of 12 Plates, sewed, 
price \±s. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 

Properties, Applications, Valuation, Impurities, and Sophistications, 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price *is, 6d, \Recently publishttL 

" Essentially a manual for practical men, and precisely such a book as practical 
men wiU acp^txSaJbt**— Scientific Review, 

"A complete encyclopaedia of tiie materia tinctoria. The information given 
reelecting each article is full and precise, and the methods of determining the value 
of articles sudi as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable."— CArmw/ and Druggist, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanisin, Mag. 
netism, Diamagnetism, Electro-Dynamics, Magno- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. Geoi^e's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4r, cloth. 

" This Dttblication fully bears out its title of ' Manual.* It discusses in a satisfiictory 
manner electricity, frictional and voltaic, thenno^lectridty, and electro-physiology." 
"^Atheneeunt. , 

I' The commendations already bestowed in the paees of the Lancet on the former 
editions of this work are more than ever merited by the present The accounts given 
of electricity and galvanism are not only complete m a scientific sense, but, which is a 
rarer thing, are popular and interesting."— /ra»f«/. 
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Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY: in- 
cluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Thepry and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerisd and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D,, Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, 12^. 6^. doth. 

" We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts.** — Athetueutn. 

"A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — PopuUtr Science Review^ 

** Clear, compendious, compact, well illustrated, and well pnD.ttd,*'—jLaficet. 

** We can strongly recommend the work, as an admirable text-book, to every student 
—beginner or advanced— of electricity.'*-— J?«/wM!frw«j'."^ 

" Nothine of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science."— 
Mechanic^ Magazine. 

" We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any aze that contains so 
complete a range of facts."— ^^/mA Mechanic. 

Riidimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth, 4J. 6</., cloth 
limp, 3J. (id. \Now ready. 

*' There is a good index, and this volume of 419 pages may be considered the best 
possible manusd on the subject of magnetism." — Mechanic^ Magazine. 

*' As concise and lucid an exposition of the phenomena of magnetism as we believe 
it is possible to write." — English Mechanic. 

" Not only will the scientific student find this volume an invaluable book of refer- 
ence, but the general reader will find in it as much to interest as to inform his mind. 
Though a strictly scientific work, its subject is handled in a simple and readable 
sty\^'— Illustrated Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 91. doth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we stronglv recommend it to our readers as a 
guide, aUee indispensable to the housewife as to the pharmaceutical practitioner.*'— 
Medical Times. 

" The very best work on the subject the English press has yet produced."— ilf<r- 
chanici Magazine. 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Vear in Mechanics and the Useful Arts, Natural flnlosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorolo^ and Astronomy. By John Timbs, F.S.A., 
Author of ''Curiosities of Science," "Things not Generally 
Known," &c With Steel Portrait and Vignette. Fcap. 5^. doth. 

%* This w^rkf fui/isAed annualfy, records the preceedtngs of the 
principal scUntific societies^ and is indispensable to all who wish to 
possess a faithful record of the latest novelties in science and the arts. 

The back Volumes, from 1861 to 1871, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph,- may still 
be had, price $s, each. 



« Pcnoas who wiili for a ooodse amraal summary of important tcimtific events will 
•find their desire in the ' Year Book of Facts.' **—AthtiuBum. 

" The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excdlent rlntmd of the year's progress in the 
s ftpfir c f and the vsX3k^'^^Mildtr» 

** A correct exponent of scientific piiyirii .... a record of abiding interest If 
anyone wishes to know what progres s saence has made, or what has been done in any 
bnmch of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required inR)rmation.**-ny#o 4«w/ MmguMme. 

** Ihere is not a more useful or more inteiestinscompilation than the ' Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and die admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on reoora, are deserving of great pnise."— 
RaiiuM^ News. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on—i. 
Alleged Discrepancies; 2. The Theory of the Geolccists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miiade of Joshua— 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mafliematics," 
&c. &c Fcap. 8vo, price $s. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, i« esoeUent."-- £itf /tf4 CAurvAman, 

** Distinguished by. the true spirit of scientific inquiry, by great knowledge, by keen 
logical abmty, and by a s^le peculiarly clear, easy, and energetic"— AMMVfv^rmiw/. 

" No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem sccptidsm."— -ffa/Ax/ Magazine. 

** A valuable ccmtribution to controversial theological literature."— Cfi(f Press. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M. A., late Fellow of Trin. ColL, Cambridge. Second 

'Edition. i8mo, $s. cloth« 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. Svo, price 5j. cloth. 

" We can recommend Mr. Le Vaux as an able and interesdng^ guide to a popular 
appreciation of geological science." — Spectator. 

*' The author ooinfauies an unbounded adm ir ation of sdeace with an unbounded 
admiration 'of the Written Record. The two impubes are balanced to a nicety : and 
the consequence isj that difficulties^ whidi to minds less eraaly poised, would be 
serious, find immediate soluticms of the happiest kinda." — Z.aitdpm Review, 

** Vigorously written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or incoasistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the gjlorious destiny 
of man, is vividly conceived.**— fVatcAmoM. 

** No real diffictdty is shirked, and no sophistry ts left unexposed.*— 7%^ Rock. 

« 

Geology y Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-Geneial 
Portlock*s Rudiments of Geology.) By Ralph Tate, A.L.S.,. 
F.G.S. Numerous Woodcuts. i2mo, 2j. \Ready. 

Geology, HistoricaL 

HISTORICAL GEOLOGY. (Partly based on Majar-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2.r. 6^. \RMdy. 

%* Or Physical and Historical Geology, bound in Ont 
Volume^ price ^s. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten laige Plates, price 2s, 6d» 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 

from ' A Lady's * publicatioR.*' — Athetuenm. 

' ' A real practical guide. It is very com]^t& **-^Literwry C-kufvkman, 

** The directions given are plain and easily understood, and it forms a very good 

introduction to the practical part of die carver's axt.*'~-£ngiisA Mechanic. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs» F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small Svo, dr. cloth. 

\* nis Work has been adopted as a Frixcb^ok ift the Schools of 
Art at South Kensington, 
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A wod( that may be advantaj[eousIy co n sulted. Much may be learned, even by 
those who fancy they do not require to be tangbt, from the careful perusal of thts 
unpretending but comprehensive treatise." — Art Journal. 

" A valuable book, ^ich supplies a want. It contains a large amount of original 
matter, agreeaUy conveyed* and will be found of value,, as well by the young artist 
seeking information as by the general reader. We give a cordial wdcome to the book, 
and au^r for it an increasing reputation." — Bnilder, 

** This volume is one that w« can heavtily recommend to all who are desirous of 
uaderstandiiig what th^ admire in a good paiadag."— Z?a*^ Airwx 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of B^iimers : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 91. Elegantly bound, cloth antique. 

"A handy book, beautifully illustrated ; the text of which is wdl written, and cal- 
culated to M usefuL . . . The examples of ancient MSS. recommended to the student, 
iHiich, with much good sense, Uie author chooses from collections accessible to all, are 
selected with ju<)gment and knowledge, as well as taste.**— ^/Acnuranwr. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monoerams, Crosses, &c. &c, for the use of 
Architectural and Engmeering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c &C. &c. Collected and engraved by F. Delamottb, and 
printed in Colours. Royal 8vo, oblong, price 4r. cloth. 

"A wdl-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter churdi 
walk with pithy sentences from the Decalogue, this book will be useful"— ^M^nuruiw. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analjrsis of the Roman and Old English Alpha- 
bets, lai^e and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals (sm be formed, and the talent which 
has been expended in the conception of the various plain and ornamental letters is 
wonderful. ** '-Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6^. cloth gilt 

" A volume ia which the jetters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
wdl selected and cleverly arranged/'— ^S'im. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
* Emblems, Cjrphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte^ and 
^rinted in Colours. Oblong royal 8vo, 2x. 6</. in ornamental boards. 
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AGRICULTURE, &c. 



Youatt and BurtCs Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm,'* &c 
One large 8vo volume, 7S4 pp. with 215 Illustrations, i/. u. half-bd. 



CONTENTS. 



On the Breedings Rearing^ Fatienint^ 
atid General ManagefMent of Neat Cattle. 
—Introductory View of the (ufferent Breeds 
of Neat Cattle in Great Britain. — Com- 

?arative View of the different Breeds of 
Teat Cattle.— General Observations on 
buyingand Stockinje a Farm with Cattle. 
—The Bull— The Cow.— Treatment and 
Rearinff of Calves. — Feedingof Calves for 
Veal.— Steers and Draught Oxen. — Grax- 
Cattle.— Summer Soiling Cattle. — 
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inter Box and Stall-feeding Cattle.— 
Artificial Food for Cattle.— Preparation 
of Food.— Sale of Cattle. 

On the Economy and Management of 
the JDat^.— Milch Kine.— Pasture and 
other Food best calculated for Cows, as 
it re^rds their Milk.— Situation and 
Buildmgs proper for a Dairy, and the 
roper Dairy Utensils.— Management of 

illc and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 

On the Breedif^t Rearing, and Ma- 
ftagement 0/ Farm-honee.-^lntxoAMcXxiry 
and Comparative View of the different 
Breeds of Farm-horses.— Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts.— Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horsos. — Comparative 
Merits of Draught Oxen and Horses. — 
Asses and Mules. 

On the Breeding, Rearing, and Fat' 
tening ^.S'^<^.— -Introductory and Com- 
parative View of the different Breeds.— 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep.— Treatment and 
Rearing of House-lambs, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding^ Rearing, and Fat- 
tening 0/ Swine.-^nXxoAyxQXxxy and Com- 
l^rative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs.-— 
Feeding and Fattening of Swrine. — Curing 
Pork skid Baoon. 



On the Diseases of Ca///^.— Diseases 
Incident to Cattle.— diseases of Calves.— 
Diseases of Houses.— Diseases of Sheep. — 
Diseases of Lambs.— Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c.— Palmipedes, 
or Web-footed kinds.— Diseases of rowls. 

On Farm Offices and Imj^Uments of 
Husbandry. — The Farm-house, the Farm- 
\^ud, and its Offices. — Construction of 
Ponds. — Farm Cottages.— Farm Imple- 
ments.— Steam Cultivation.— Sowing Ma- 
chines, and Manure Distributors.— Steam 
Engines, Thrashing Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management of 
Grass Land,~-Sizt and Shape of Fields. 
—Fences. — Pasture Land. — Meadow 
Land.— Culture of Grass Land. — Hay- 
making. — Stacking Hay.->-Imj)ediments 
to the Scythe and the Eradication of 
Weeds.— Faring and Burning.— Draining. 
Irrigation. — Warping. 

On the Cultivattou and Appitcation 
of Grasses, Pulse, and Roots.^N SitMni 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage.— Vegetables best calculated for 
Animal Food.— Qttalities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General, and their 
AMlication to Grass Z.aM^— Vegetable 
Manures. — ^Animal Manures.— Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts.— Preservation of Ma- 
nures. — Application ofManures.— Flemish 
System of Manuring.— Farm Accounts, 
and Tables for CalcuUiting Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c.— Monthly Calendar of Work 
to be done throughout the Year.— Obser- 
vations on the Weather.— Indbx. 



" Hie standard and text-book, with the farmer and grazier."— /Vtr;M^f Magazine. 

'* A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with the improvements of the age.'*— 
BelCs Messenger, 
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"A treatise which will remain a standard work on the subject at long as British 
agriculture eadurei.''— ilfafift Lane Ex^ss, 
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Scott BuTfis Introduction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
tnrists, being an Introduction to Fann Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of die Dauy, Poaltiy, 
and Pigs, and in the Keeping of Farm-work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultuxal Facts," 
&C. With numerous Illustrations. Fcp. df. doth. 
"A most complete introduction to the whole round of faxming practice.'' — Joht 

BmU. 

"Thefe an many luBti in it which even old fitfmen need not he ashamrd to 

aooesiiL**~^Mffmmg Herald. 

Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a Tcry much improved Plan, for Calculating the Value of 
Estates. To which are added. Tables for reducing Scotch, Irish, 
and PiOTincial Customary Acres to Statute Measure ; also, Tables 
of Square Measure, and of the various Diniensions of an Acne in 
Perches and Yards, by which the Contents of any Hot of Ground 
may be ascertained without the expense of a regular Survey ; &c 
By R. Hudson, Civil Engineer. New Edition, with Additions and 
Corrections, ^rice 4j. strongly bound. 
" This new editiion mdudes tables for ascertaining the value of leases for any tenn 
of years ; and for showing how to lay out plots of ground of certain acres in forms, 
ttiuare. round, &c., with raluablemles for ascertaining the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional man." — Farmer's youmal. 



The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DXLL, Attomey-at-Law. Crown 8vo. 4J. cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c 
Third Edition, enlarged, by C NORRIS. Royal 32mo, strongly 
bound, price 5/. \Rectntly published. 

"A neat and concise book of reference, containing an admixaUe and clouiy- 

ananged list of prices for inventories, and a very practical guide to determiae the 

value of furniture &c" — Standard. 

The Civil Service Book-keeping. 

Book-keeping no mystery: its Principles popularly ex- 
plained, and the Theory of Double Entry analysed ; for the use of 
Young Men commencing Business, Examination Candidates, and 
Students generally, By an Experienced Book-Keeper, late of 
H.M. Civil Service. Second Edition. Fcp. 8vo. price 2j. doth. 
.iJ;),tJ^l^-^SZL^ "^^" "^ ^ comprehension of the 

- '' V>^"V^"-5iS^ "^"^^ such a text-book as students squire."- 
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Text'Book for Architects y Engineers^ Surveyors ^ 
Land Agents, Country Gentlemen^ &c. 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS, in all their several and 
varied Professional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Property ; together 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor. To which are added several 
Chapters on Agriculture and Landed Property, by Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo, price i/. 8j. cloth. 



CONTENTS. 



Arithmbtic. 

Plans and SoLro Geometry. 

Mensuration. 

Trigonometry. 

Conic Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

Computation of Areas. 

Copying Maps. 

Railway Surveying. 

Colonial Surveying. 

Hydraulics in connection 

with Drainage, Sewerage, 

AND Water Supply. 



Timber Measuring. 

Artificers' Work. 

Valuation of Estates. 

Valuation of Tillage and Tevant 

Right. 
Valuation of Parishes. 
Builders' Prices. 
Dilapidations and Nuisances. 
The Law relating to Appraisers and 

Auctioneers. 
Landlord and Tenant. 
Tables of Natural Sines and Co- 

sines; for Reducing Links into 

Feet, &c. &c. 
Stamp Laws. 
Examples of Villas, &c. 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson. 

Chap. I.— Landlord and Tenant : their Position and Connections. 

Chap. I L— Lease of Land, Conditions auid Restrictions ; Choice of Tenant, 

and Assignation of the Deed. 
Chap. I IL— Cultivation of Land, and Rotation of Crops. 
Chap. IV.— Buildings necessaiy on Cultivated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roaos, Fences, and Gates. 
Chap. VL— Plantations, Young and Old Timber. 
Chap. VIL — Meadows and Embankments, Beds of Rivers, Water Courses, 

and Flooded Grounds. 
Chap. Vni.— Land Draining, Opened and Covered : Plan, Execution, aad 

Arrangement between Landlord and Tenant. 
Chap. IX. — Minerals, Working, and Value. 
Chap. X.— Expenses of an Estate. 
Chap. XL— Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights* of Royalties, and of Fee 

Farm Rents. 
Chap. Xtl^-Land Steward and Farm BailiflT: Qualifications and Duties. 
Chap. XIII. — Manor BailiflT, Woodreeve, Gardener, and Gamekeeper : their 

Position axid Duties. 
Chap. XIVi^Fixed Days of Audit : Half-yearly Payments of Rente, Fonn of 

Notices, Receipts, and ot Casii Books, General Map of £»• 

tates, &C. 
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SeveD -inch best Transit Theodolite •• •• 38 17 

Ditto ditto, without Vertical Circle . . 33 Id 

Four inch Everest Theodolite 21 

Five inch ditto 25 4 

Six-inch ditto 28 7 

Seven-inch ditto 34 13 

Eight-inch ditto 39 18 

Drainage Level, with Stand 440 

Small Dumpj I^vel 6 10 

Eluoti's Improved Dumpy Level, lO-inch . . 13 13 

Ditto, ditto, with Compass . . . . . . 15 15 

Ditto, ditto, 14-inch 14 14 

Ditto, ditto, with Compass • • . . • . 16 16 

Ditto, ditto, 18-inch 17 17 

Ditto, with Compass 210 

Ten-inch y Level 9 9 

Ditto ditto, with Compass 10 10 

Fourteen ditto 12 12 

Ditto ditto, with Compass 14 14 

Circumferenters, four- inch . • • • . . . . 6 6 

Ditto, five-inch 8 8 

Ditto, six-inch 9 9 

Ditto, six-inch, with Vernier .. .. 11 11 

Lean's Dial, with Telescope and Arc . . . . 17 17 

Prismatic Compass, in sling case 2 12 6 

Ditto, with Azimuth Glass, ditto 3 3 

Ditto, large size ditto 4 4 

Ditto, ditto, with Silver Compass, ditto . . . . 5 5 

Stand for ditto Ill 6 

Four-inch Metal Sextant, divided on Silver • . 9 9 

Five-inch ditto, ditto, •• .. 10 10 

Six-inch ditto, ditto, .. .. 11 11 

Eight-inch Metal Sextant, divided on Silver • . 13 13 

Ditto ditto, ditto, with douhle frame • . 16 16 

Six-inch ditto, as supplied to Naval Cadets • . 8 8 
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Quadrant 2 12 « 

Ditto, with Telescopes .. .. ^£3 13s. 6d. to 6 6 

Artificial Horizon £2 12s. 6d. to 4 14 6 

Pocket Sextant, in sling case 4 4 

Ditto, small size, in case . . . . . . 3 10 

Ditto, with Telescope, ditto 4 14 6 

Ditto, ditto and Supplementary Arc, ditto .. 5 15 6 

Ditto, ditto ditto, large size ditto • . 6 16 6 

Optical Square .. .. •> •• •• 110 

Pentagraph, 24-inch 5 15 6 

Ditto, 30-inch 6 16 

Ditto, 36-inch 7 17 6 

Ditto, 42.inch 8 18 6 

Ditto, 48.inch 10 10 

Eidograph 10 XO 

Station Pointers ^6 6s. to 18 18 

Transit Instrument 16 16 

Ditto, with Iron Stand 210 

Ditto, 24-inch, with Circular Brass Portable Stand 25 4 

DittO) 30-inch, with Iron Stand 45 

Large Transit Instruments, for permanent Stations 73 10 

Twelve-inch Azimuth, and Altitude Instruments. • 95 

Fifteen-inch ditto, with Microscopes • . . . 120 

Cross Staff 10s. 6d. to 16 

Ditto, with Compass and Screw Staff £2 2s. to 2 12 6 

Current Meter £3 3s. to 5 5 6 

Six-inch Circular Protractor, with Tangent Screw 

adjustment • 4 14 6 

Six-inch ditto, divided on Silver, with Tangent 

Screw adjustment 5 15 6 

Seven-inch ditto, ditto, ditto . . 6 16 6 
Eight-inch ditto, ditto, ditto . . 7 17 6 
Metal and Brass Circular and Semi-circular Pro- 
tractors 10s. 6d. to 5 5 
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Portable Sliding Station Staff, 14 feet . . . . 2 13 

Ditto, ditto, Painted 8 

Ditto, 17-feet 8 13 6 

Oravatt's Level Staff 8 3 

Papers for Level Staves • • • • per foot 2 

Ditto, in sets for 14.feet Portable Staff •• .. 3 

Cbain, 66-feet 10s. to 14 6 

Ditto, extra strong wire, with three oval rings • • 16 

Ditto, 25.feet 8 6 

Ditto, 50-feet 14 

Ditto, lOOfeet 10 

Patent Galvanized Chain, 66-feet 18 

Standard Chains Jg8 Ss. to 5 5 

Arrows, set 20 

Tapes, 3d-feet 6 

Ditto, ditto divided decimally 7 

Ditto, 50.feet 7 6 

Ditto, ditto divided decimally 8 6 

Ditto, 66-feet 9 

Ditto, ditto divided decimally 10 

Ditto, 100-feet 12 

Pocket Tapes 3s. to 10 6 

Steel Standard Tape Measures • • JSl 5s. to 8 3 

Helicograph, or Spiral Instrument. • • . • • 3 3 

Farey's ElUptograph . • • . 7 17 6 

Opisometer, or Map Meter, for measuring curved 

lines 2 6 

Card Protractors •• .. 26 

Amsler's Plauimeter, for calculating areas on plans 

^£2 12s. 6d. to 3 3 



{Riduced Litt of Prices.) 



Drawing Iiistnmi6iits» &c. 

Brass. 
£ 8, d. 
Proportional Callipers, 12-inch . • . . 2 

Ditto ditto 9-inch . . . . 1 14 

Proportional Compass, 12-inch . . . . 2 10 

Ditto ditto 9-inch . . ..200 

Ditto ditto 6-inch . . ..150 

Ditto ditto with adjustment 1 15 

Whole and half ditto 18 

Triangle ditto 18 

Tube Compass 1 15 

Ditto, Needle Points 1 18 

Tube Beam Compass . . . . ..200 

Pocket Turn -in Compass . . • . 16 0- 

Ditto ditto, with handles • . • . 1 10 

Ditto ditto, ditto, and Bars • • ..220 

Pillar Compass, with divided Sheath • . 1 10 

Napier Compass • . . . . . . . 1 10 

Pocket Dividers, with Sheath . . . . 7 



Best double-jointed Compass • • . • 15 

Ink Pencil, and Wheel Legs for ditto 

each 5 

Lengthening Bar.* .. .• .. 5 

HairDivider 8 6 

Plain Divider 5 

Tate'sBow 110 

Double-jointed Bowpen and Bowpencil, 

each 10 

Ditto ditto, Needle Pointed • • each 10 

Hair Bow Divider 8 

Large Needle Bows • • • • each 13 



Ger. Silver. 
£ 8. d. 
2 12 6 


2 2 





3 





2 5 





1 10 





2 





1 1 





1 1 





2 





2 4 





2 5 





1 10 





1 15 





2 5 





1 15 





1 15 





8 


6 



18 



6 





6 





10 


6 


6 


6 


1 5 





11 


6 


12 


6 


10 





15 






6 

BruiL 

Spring Bowpen and Pencil • • each 7 

Spring Dirider •• •• •• •• 6 

Ivory Handle Drawing Pen • • • • 4 

Ditto ditto, jointed 5 

Ebony ditto 3 

Double Pen 10 

m 

Six Wheels and Box 6 

Six Pens and one Handle, in Case • • 15 

Tracer 2 

Crow-Quill Holder 2 

Needle Holder 2 

Knife 1 

Sector jointed Compass, 4|, 5, or G-inch 9 

Divider 5 

Ink and Pendl Legs 9 

Bar 4 

Bowpen and Pencil 10 

College Compass 7 

Ink and Pencil Legs • • • • • • 7 

Bar 3 

Divider 3 

Bowpen and Bowpencil 7 

Steel Joint Compass, with Pen and 

Pencil Legs 7 

Divider 2 6 

Bowpen and Pencil 5 

Drawing Pen . • . . ; • . . 2 

Case of Instruments as supplied to the 

Eoyal Military College, Woolwich.. 2 10 3 
Ditto as supplied to Sandhurst '• • ••220 
Ditto as supplied to Harrow School ..300 

Ditto as supplied to King's College ; • 2 12 6 



■ 

1 




Oer. Silrer. 

£ $. d. 

7 U 





6 





4 





G 





3 





10 





6 





15 


6 


2 6 


6 


2 6 


6 


3 


6 


1 6 





12 





6 6 





12 


6 


6 





12 6 





9 





9 


6 


4 6 


6 


4 6 





9 



Brasf 
£ 8. 

Case of Instruments as supplied to Eaton 

College 2 12 


1. 
6 


G*»r. Silver. 
£ 8. d. 


Ditto for Schools • • 


..11 







Ditto as supplied to Board of Trade • • 6 


6 


1 • 


Ditto ditto 


.. 16 







Prize ditto ditto 


..16 







Architect's Case • • • • 


• • •• 3 6 





4 


Engineer's ditto • • • • 


£3 10s. to 6 16 


6 


10 10 


Magazine Case of Instruments, made of 

Brass, German Silver, or Silver, from 10 10 





60 



. Marqaois Scales, Boxwood 10 

Ditto,Ivory 2 12 6 

Ditto, Metal 3 13 

Ivory Plotting Scales, 12-inch 10 

Ditto ditto 6-inch 5 

Ditto Offset Scales, 2-inch • 2 

Ditto Architect's Scales, 12-inch 12 

Ditto ditto 6.inch 6 6 

Ivory Protractor, 12-inch 1 10 

Ditto ditto 6-inch 6 

Ditto ditto Boiling 18 

Ditto, Sector 6 s. Od. to 110 

Ditto Parallel Bule, Brass Bars • • ..... 46 

Ditto ditto, German Silver Bars • . . • 5 

Boutledge's Slide Hule, with Book 9 

Carret's Improved ditto 10 

Hawthorn's Improved ditto 12 

Bayley's Slide Kule 7 

Ditto, Double Slide 14 

Box Plotting Scales, 12-ineh 3 

Ditto Offsets 1 

Ditto Architect's Scale • • • 5 

Ditto, Pocket.Bules .. .. .. . . 2s. Od. to 14 



8 

£ t. d. 

Ebony Parallel Bales • • • • per inch 4 

Boiling Parallel Roles .. •• do. 10 

Ditto ditto, with Ivory Edges • . do. 16 

Steel Straight Edges per feet 5 

Lance-wood T Squares • . • • do. 3 

Ebony T Squares do. 3 6 

Computing Scales 16 

Drawing Boards, Tachet's Patent . . • • 13s. to 1 2 

Triangles in Metal, Wood, and Ivory 

French Curves 

Shipwright's Curves 1 15 

Centrolinead, small size 18 

Ditto, large size «> ,, •« •• .. 1 11 

Sete of Badii Curves.. .. .. jex.ls. Od.to & 5 

Trammels • . « . ,, <. • £2 I2s. 6A. to 6 5 

Beam Compasses j£l Os. Od. to 5 5 

Lalanne's Glass Slide Bute and Book . • . • 5 

AH the abore Scales are Divided by a rery Superior newly- 
invented Dividing Engine. 



Scales, BtbUt, and Tapes, made to all Foreign Measures, also 
English and Foreign Standard Measures, 



Telescopes^ IQcvoscopes, &c. 

Twelve-inch Achromatic Telescope.. .. 15^. to 

Eighteen-inch ' ditto . . . . 21s. to 

Twenty-four inch " ditto . • . . 42s. to 

Twenty-six inbh ditto ' ; • . . 84s. to 

Ditto in Case, with Brass Stand 

Twelve-inch Portable Achromatic Telescope 

Eighteen-inch ditto ditto .. .. 

Twenty-four inch ditto ditto 

Twelve-inch ditto ditto German 

Silver •• •• •• ... .. .. 

Eighteen-inch ditto ditto . ditto.. 



1 11 


6 


2 2 





3 3 





5 5 





8 8 





111 


6 


2 2 





2 12 





2 2 





2 12 


6 
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£ 8. d, 
Twecty-foar-inch Portable Achromatic Telescope, 

German Silver 830 

Thirty-inch ditto ditto ditto .. 4 4 

Military Telescope 3180 

Ditto, Regulation Pattern 3 8 

Naval Telescope with Caps and Sling from 248. to 6 6 
Thirty-siz-inch Achromatic Telescope, on Stand 

with Astronomical Eye Pieces 12 12 

Forty-five-inch ditto ditto ditto, 2|-in. aperture 25 4 

Ditto ditto ditto S^-in. aperture 38 

Ditto ditto ditto 4-in. aperture 75 
Admiralty Contract Telescope, as supplied to the 

Nayy 3 

An Excellent Student's Telescope, on Brass Stand, 
in Case, 42-inches long, 2i4n. aperture, with 3 

Eye Pieces 15 15 

Powerful Double Field Glass, much used for Yacht- 
ing or as a Night Telescope £3 13s. 6d. to 4 14 6 

Gardener's Microscopes • 4 

Compound ditto 110 

Ditto ditto, with Achromatic Lenses £6 5s. to 30 

Medical ditto .. ,. ^4 4s. to 10 10 

Solar ditto .... j£6 6s. to 20 

Stereoscopes, with Diagrams . . j£l Is. to 5 5 

Ditto, Revolving, with 50 selected Glass Views . • 22 

Telescopes made of all sizes. Opera Glasses mounted in 
Buffalo, Horn, Ivory, Tortoise-shell, Pearl, &o., in every 
variety and fashion. 

Spectacles mounted in Gold, Silver, Steel, and Shell, with 
Glasses or Pebbles. 

0PTICIAM8 TO THE OPHTHALMIC HOSPITAL. 



10 



Barometers, FhilosopMcal Apparatus, ftc. 

£ t, d. £ t. d. 

Pediment Barometers .. •• 1116 to 550 

Wheel ditto .. .. 1 11 6 to 8 18 6 

Standard ditto .. .. 5 15 6 to 8 18 6 

Marine ditto .. .. 2 13 6 to 7 17 6 

Aneroid ditto .. .. 2 12 6 to 3 

Mountain ditto .. .. 3 13 6 to 6 Itt 6 

Ditto ditto, with Legs .. 10 10 to 13 13 
Wollaston's Boiling-point Thermometer, for ascer. 

taining heights 550 

Thermometers for Baths, Hot-houses, &c., of every description. 

Hydrometers and Saccharometers from 78. 6d. to 4 4 

Urinometers from 7s. 6d. to 12 

Galvanic Machines 3 10 

Stringfellow's Patent Pocket Galvanic Battery • • 110 

Patent Pedometer 330 

Perambulator 5 10 

Air Pumps, Electrifying Machines, and all other 
Philosophical Apparatus. (^See Illustrated 
Catalogue.) 
Complete sets of Photographic Apparatus, with 
Camera, for Portraits and Landscapes, Chemi- 
cals, (fee, in case quarter-plate 8 18 6 

Ditto ditto half-plate •• 15 15 

Ditto ditto whole-plate 25 4 

Sole Manufacturers and Agents for Hichards' Patent 

Steam Engine Indicator 8 10 



Drawing Paper plain and mounted. Tracing Paper, Coloars, 
Globes, Drawing Boards, Curves, Black Mirrors, 
Camera Lucidas, Stands for ditto. Camera Obscoras, 
Walking Sticks with Bods. 
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Universftl Horizontal, and Bing Sandials; Models of Dia- 
monds ; Elliott's Drawing Pencils, Water Colours, &c. 

Treatise on the Slide Rule, by the Kev. W. Elliott, Is. 6d. 

Treatise on Mathematical Instruments by Mb. Heather, Is. 6d. 

The Practice of Engineering Field Work, by Mr. Haseou, 20s. • 

Electro-Magnetism, Is. 6d. 

Experimental Chemistry, Is. Od. 

Treatise on the Slide Bule, by Hoare, with Cardboard Rule, 3s. 

The same with Box-wood Bule, 6s. 

Treatise on the Steam Engine Indicator, by Mr. Pobteb, 5s. 



DE3CBIPTIVE ILLUSTBATED CATALOGUES, 

Published by Elliott, Bbothers, successors to Watkins & Hill, 
late 5, Charing Cross, and 30, Strand, London. Price 6d. each. 

Optical Instruments. 

Electrical Instruments. 

Magnet and Electbo-Maonetio Instruments. 

Voltaic and Thebmo-Electbic Instruments. 

Hydrostatic, Hydraulic, Pneumatic, and Acoustic 

Instruments. 

GENERAL ILLUSTBATED CATALOGUE, One Shilling, 



ELLIOTT, BROTHERS, 

SOLE MAKUFACTUBERS AKD A0ENT8 FOB 

RICHARDS' PATENT STEAM ENGINE 

INDICATOR. 

TRKATISE ON THE INDICATOR, 

BY MR. PORTER, Ss. 

Tliete Steam Indicators received the Prize Medal at the 
Exhibition, 1862, and are allowed to he the best in use by all 

the most eminent Engineers, 



NOTICE, 

ELLIOTT, BROTHERS have much pleasure in stating that 
they have been enabled to make a great reduction in the prices 
of Drawing Instruments in this Catalogue, and at the same 
time add with great confidence that they have improved the con- 
struction and manufacture of their Instruments generally. 



G.WiTT, Printer, 7, Earl's Court, Leicester Square, W.C. 



